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Symposium on Organ Transplantation 


Foreword : hts 


This is the first symposium on organ transplantation to be published 
in the Surgical Clinics of North America. There has been steady and at 
times spectacular progress in the field of transplantation. This progress 
includes B cell cross-matching, suppressor T cell effects of providing 
physiological inhibition of immune response, quick mixed lymphocyte 
culture, high potency antithymocyte globulin, knowledge of beneficial 
effect of blood transfusion, and so on. In the field of kidney transplanta- 
tion, patient survival is considerably improved. Induction of immune 
unresponsiveness seems to be waiting in the wings to be used in the 
clinical practice. The other disciplines that are enriched from the efforts 
of the transplant surgeons include oncology, tissue typing, microbiology, 
virology, immunology, and burn and trauma. 

The purpose of this symposium is to bring to the notice of all surgeons 
the present status in transplantation of different organs and tissues. Dis- 
tinguished authors from a broad spectrum of institutions have done a 
fine job of presenting their own field of experience along with the current 
pooled concepts of other workers in the same field. To each one, I extend 
my heartfelt thanks for doing such a magnificent job. 

An article on bone marrow transplantation, written by a recognized 
authority on the subject, arrived from overseas too late to be included 
here, but will appear as an additional article in the next issue of the 
Surgical Clinics. 

My gratitude is extended to my wife Patricia, whose patience in read- 
ing and re-reading the manuscript made this symposium possible. Fin- 
ally, my thanks to the Surgical Clinics and the members of the editorial 
staff for the opportunity to present this material. It has been a pleasure 
and a privilege for us to be associated with this symposium. The con- 
tributors share with me the sincere hope that the readers will enjoy this 
volume in the reading as much as the authors did in the contributing. 


Satya N. CHATTERJEE, M.D., F.A.C.S., 
F.R.C.S. (Eng., Edin., Glas.) 
Guest Editor 


Departments of Surgery and Urology 
University of California, Davis 
Sacramento, California 95817 
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The Immunobiology of Transplantation 


Investigative Trends and Clinical Implications 


Felix T. Rapaport, M.D.* 


Advances in surgical technology and in the understanding of the 
immunogenetics of histocompatibility have contributed significantly to 
the rise of organ transplantation as a clinical science.* ®: *: 6 67 Rou- 
tine application of this approach to the problem of replacement of vital 
organs destroyed by disease is still hindered, however, by the host’s 
capacity to recognize his transplant as foreign, and to destroy it by 
immunological mechanisms usually triggered by invasive microor- 
ganisms.**°6 Clinical attempts to inhibit this response have been based 
upon the use of immunosuppressive agents such as azathioprine, cy- 
clophosphamide, prednisone, and antilymphocyte  globulins.%9 58:59 
These potent adjuncts have, however, added to transplantation the 
considerable risk of lessening or abolishing the patient’s cellular and 
humoral defense mechanisms. One consequence has been the signifi- 
cant rise of infection as a leading cause of transplant failure and 
death.* Another potential hazard is the increased occurrence of neo- 
plastic diseases that has been documented in transplanted individu- 
als.4 Nonimmunological complications associated with the use of 
corticosteroids have included upper gastrointestinal disease, 
pseudodiabetes, and other metabolic disturbances, which have also 
added to the overall risks of clinical transplantation.* Yet, if agents 
such as azathioprine and prednisone were to be suddenly removed 
from the pharmacopoeia, all major organ transplantation in man 
would come to an immediate standstill. 

These considerations, and the relatively flat plateau of achieve- 
ment attained by clinical kidney transplantation during the past dec- 
ade,. point to the urgent need to re-emphasize the concept that organ 
transplantation in man is still an investigative procedure, and that the 
greatest potential for future advances lies within a setting of close 


*Professor and Deputy Chairman, Department of Surgery, Health Sciences Center, State 
University of New York at Stony Brook, Stony Brook, New York 


Supported by Grant AI-10658-05 from the National Institutes of Health, Bethesda, Mary- 
land 
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coordination between the laboratory and the bedside. In this regard, 
further studies of the immunobiology of host responses to allogeneic 
tissues in man and in other species continue to be of paramount im- 
portance. The present discussion constitutes an attempt to provide the 
highlights of some special areas of investigation which may hold some 
of the keys for future progress. It must be noted, however, that no 
overview, no matter how extensive, can do true justice to the broad 
spectrum of creative research currently in progress in the field of 
transplantation. More complete information in this area may be gained 
from some of the references at the end of this article. 


TISSUE TYPING AND MATCHING 


Investigative Trends 


The rejection of transplantable organs is a consequence of genetic 
disparity between donor and recipient, and of the ability of the latter to 
react to the transplants as foreign, thereby destroying them through 
pathways normally triggered by infectious microorganisms. Recogni- 
tion of this fact has served as a central stimulus for the support of a 
20-year international effort to isolate and define some of the expres- 
sions of this genetic disparity. A so-called ‘“‘major” genetically con- 
trolled system of histocompatibility (MHC) has been detected in each 
mammalian species studied thus far. A large portion of the products 
of the MHC is amenable to definition by currently available in vitro 
serological and cellular techniques. The human MHC, termed HLA, 
has recently been localized on the sixth human chromosome; it occurs 
in close vicinity to the determinant(s) of blood group P, PGM 3, GLO, 
and PGS. The HLA region proper includes at least three loci, HLA-A, 
B, and C, whose products are recognizable by complement-dependent 
lymphocytotoxicity typing techniques, using batteries of antisera ac- 
quired from multiparous women and polytransfused donors. The prod- 
ucts of each locus behave as alternative alleles. Another important 
component is the HLA-D locus whose products are recognizable by the 
mixed leucocyte culture (MLC) test. Development of the MLC test was 
followed rapidly by the elaboration of panels of cells homozygous for 
HLA-D products, which were then used in MLC tests against lympho- 
cytes obtained from random populations. This approach has uncovered 
at least eight major clusters of HLA-D reactivity, representing deter- 
minants which, like the products of the HLA-A, B, and C loci, behave 
as alleles of one single genetic locus.'* % 

The observation by Hayry and associates,”’ that some of the lym- 
phocytes specifically primed in MLC culture against cells from a spe- 
cific donor (sensitizing cells) remained in the cell mix at the end of the 
standard MLC test and acquired the capacity to give a rapid or second- 
ary type of response upon re-exposure to fresh cells obtained from the 
same sensitizing donor, constituted another important step in this 
area. This result stimulated Sheehy and associates to develop a stan- 
dardized primed LD typing test, termed PLT, as a rapid variant of the 
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MLC test for further studies of the products of the HLA-D locus(i). 
More recently, Sondel et al. have extended this approach further in 
an ingenious matching test, termed the Pooled-Primed LD typing test 
or “pPLT” test. In the latter system, lymphocytes from a given indi- 
vidual (responding cells) are primed by culture with a mixture of equal 
numbers of cells obtained from a pool of at least 20 unrelated random- 
ly selected subjects. The data suggest that exposure to such a pool 
may prime the responder lymphocytes to essentially all of the LD an- 
tigens available in the population under study. As a result, such pool- 
primed ceils have the capacity to respond to cells obtained from vir- 
tually any ether unrelated donor in that population by a rapid proli- 
ferative response in the PLT technique. The occurrence of 
nonstimulation under such conditions might therefore be interpreted 
as evidence of sharing of D-locus(i) antigens between the source of 
responding cells and the donor whose cells failed to elicit a PLT re- 
sponse. 


Clinical Considerations 


HLA serological techniques for the rapid recognition of the HLA-A, 
B, and C products of the human MHC have been established unequiv- 
ocally as a method for the recognition of optimally compatible donor- 
recipient matches in living related donor (sibling) kidney transplanta- 
tion.» Convincing evidence has also been advanced to support the con- 
clusion that matching for these determinants may produce some 
improvement in the results of cadaver kidney transplantation in 
Europe.'**> HLA typing for the same factors has, however, had rela- 
tively little effect upon the results of cadaver kidney transplantation in 
the United States,? and it has only had a relatively minor influence 
upon the cumulative worldwide results. The differences observed be- 
tween the results of HLA-A, B, and C typing in sibling as opposed to 
cadaver donor kidney transplantation can be explained on the basis of 
the immunogenetics of the human MHC. Extensive family studies 
have shown that all detectable products of the HLA complex are trans- 
mitted en bloc from parents to offspring.'* As a consequence, recogni- 
tion of sibling donor-recipient identity for just a fraction of such prod- 
ucts (HLA-A, B, and C, for example) implies a parallel identity for 
most if not all other products determined within the HLA region 
(within the limitations of the recombinant frequency of each genetic 
factor involved).'* In contrast, where two unrelated subjects are in- 
volved, as is the case in cadaver organ transplantation, the sharing of 
two or more HLA products by donor and recipient holds no guarantee 
that other detectable and/or as yet unknown components of the HLA 
complex are also identical (although the degree of linkage disequili- 
brium shown to exist between some of the currently detectable HLA 
products may ameliorate the situation somewhat when HLA-A, B, and 
C “full-house” identical donor-recipient combinations are selected). 
The more favorable results of HLA-A, B, and C matching for cadaver 
kidney transplantation in Europe, as compared with the United States, 
have in this regard been ascribed to the greater ethnic homogeneity of 
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the random populations available for cadaver organ transplantation in 
Europe as compared to the United States. 

The failure of serological criteria of HLA-A, B, and C compatibility 
to provide a fully reliable basis for the routine transplantation of op- 
timally compatible cadaver donor organs has provided new impetus to 
the search for in vitro techniques capable of detecting additional histo- 
compatibility factors affecting the outcome of clinical transplantation. 
The reports of Hamburger and associates,”® Cochrum et al.,'! Cerilli et 
al.,° and Thorsby and associates” have suggested that the degree of 
MLC stimulation between donor and recipient cells might constitute a 
useful index of compatibility in living related donor kidney transplan- 
tation. Similar data regarding skin transplantation were initially re- 
ported by Hirschhorn et ak. in 19648 and recently confirmed by Sa- 
sportes and associates.*” The retrospective studies of Cochrum et al.” 
have, in addition, supported the possibility that matching for HLA-D 
products might be useful in cadaver donor kidney transplantation. The 
minimum four to six day waiting period required for interpretation of 
the results of the standard MLC test originally used for analysis of 
HLA-D products has hampered the application of this technique to the 
prospective selection of recipients for cadaver organ transplantation. 
Two factors have, however, introduced a promising variable into this 
question. First is the development of modern techniques of organ pre- 
servation, as exemplified by the Belzer apparatus, whereby the period 
of grace available for tissue typing and matching has been extended to 
72 hours.” The second factor is the availability of more rapid tech- 
niques for HLA-D testing, including the PLT and the pPLT tests de- 
scribed earlier. In both instances, the results of such techniques may 
be available within 16 to 24 hrs,*® thereby providing an opportunity 
to add HLA-D to the list of HLA loci whose products can be studied on 
a prospective basis for cadaver organ transplantation. 

Much additional progress will be needed, however, before tissue 
typing and matching techniques (beyond routine serological cross- 
matching for performed host antibodies) become an indispensable ad- 
junct to clinical transplantation. There is clearly sufficient space 
within as complex and polymorphic a system as HLA for a multiplicity 
of other genes capable of affecting the fate of allografts. Goulmy et 
al.,"* for example, have recently raised the possibility that the cell sur- 
face targets of host killer cells (i.e., the cellular effector arm for allo- 
graft destruction) may be products of as-yet not fully known genetic 
loci closely linked to HLA-A, B, and C. The possibility that a wide vari- 
ety of other as-yet unrecognized genetic determinants of potentially 
fundamental biological importance may occur within the HLA com- 
plex has received further support by the localization within this region 
of Bf, which codes for a factor of the properdin system, and of genes 
determining the C2, C4, and C8 components of complement.* The 
Chido and Rodgers products are also products of a loci within the HLA 
region. ' 

Although the important role of the MHC in transplantation has 
gained general acceptance, it must be noted that, in spite of its poly- 
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morphism, this region is not the exclusive determinant of histocompa- 
tibility in the mammalian host. The continuing dependence of organ 
transplant recipients on azathioprine and prednisone, even under 
clearly established conditions of sibling donor-recipient identity for 
HLA-A, B, C, and D, stands as a stark reminder of the probability that 
the products of the HLA complex may constitute only the top part of 
an iceberg of unknown proportions, composed of a multiplicity of other 
systems, which are thus far only known collectively by the possibly 
over-optimistic term of ‘‘minor” histocompatibility (H) systems. The 
ability of such other H-antigens to exert additive effects leading to vio- 
lent transplant rejection has long been recognized.* 1* 1825 With the ex- 
ception of the murine species, however, where some of these systems 
have been amenable to serological analysis, there has been a paucity 
of systematic efforts to develop in vitro techniques designed to isolate 
and characterize these H-factors in mammals.* The recent detection 
by Parkman et al.* of genetically determined H-antigen differences in 
HLA-identical, MLC-nonreactive siblings by an antibody-dependent, 
cell-mediated lysis technique may be of particular interest in providing 
anew approach to this problem in man. 


FACILITATION OF ORGAN TRANSPLANT SURVIVAL 


Blood Transfusions in Man 


A number of studies have highlighted the observation that renal 
allograft recipients whose sera did not contain preformed lymphocyto- 
toxic antibodies prior to transplantation generally exhibited far better 
clinical results than patients in whom cytotoxins had been detected.”® 
As a consequence, until fairly recently, an intensive effort was made 
by hemodialysis centers to withhold blood transfusions from prospect- 
ive kidney transplant candidates. This policy was based upon the dem- 
onstrated capacity of repeated transfusions of whole blood to stimulate 
the production of lymphocytotoxins in such patients.”® 

The observation by Terasaki and his associates*™ that transplant 
recipients given blood transfusion actually had a better chance of pro- 
longed renal allograft survival than those subjects who had never re- 
ceived blood has, however, stimulated a reappraisal of the situation. 
These findings, which have been confirmed by a number of labora- 
tories,?” 22 46-6 have actually raised the disturbing possibility that the 
relative decreases in renal allograft survival rates noted during the 
past few years may have been related to the careful efforts of many 
dialysis centers to prevent recipient sensitization through the avoid- 
ance or elimination of blood transfusions in pre-transplant recipient 
candidates.” 

The recent studies of Russell and associates” ** have reaffirmed 
the undesirability of the presence of preformed lymphocytotoxic anti- 
bodies in prospective transplant recipients. The time required for such 
recipients to locate an organ from a cross-match negative donor is also 
increased. In an attempt to avoid such problems, while retaining the 
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postulated advantages of blood transfusions, these authors tested the 
effectiveness of frozen blood prepared by an agglomeration meth- 
od.22** Frozen blood transfusions were as effective as whole blood in 
improving the results of kidney transplantation in the recipients. The 
incidence of allosensitization was, however, reduced from 50 to 4.8 per 
cent.?” 56 

The mechanisms whereby blood transfusions ameliorate the out- 
come of kidney transplantation are not well understood at present. 
Formation of antibodies of the blocking type, with a secondary en- 
hancement phenomenon, has been proposed as a possible explanation. 
The fact that small numbers of transfusions,*** and even a single 
blood transfusion, may exert a significant beneficial effect*® would ap- 
pear to militate against this possibility. The observation that transfu- 
sions of frozen and reconstituted blood (i.e., blood depleted of leuco- 
cytes and platelets) can exert the same effects as whole blood, while 
avoiding the appearance of serological evidence of allosensitiza- 
tion,”” °° further highlights the need for an alternative explanation. Re- 
gardless of the interpretations, however, the role of blood transfusions 
in improving the results of transplantation seems to have become an 
accepted clinical observation, and would appear to urgently require a 
systematic search for the specific cellular and/or humoral mechanisms 
involved in the mediation of this response. 


Experimental Induction of Allogeneic Unresponsiveness 


The development of techniques capable of producing specific allo- 
geneic unresponsiveness without interference with the remainder of 
the host’s immunological defense mechanisms has remained a central 
objective of transplantation research. The first landmark in the field 
was the tolerance produced after the in vitro injection of immunologi- 
cally competent cells into fetal mice by Billingham, Brent, and Me- 
dawar in 1956.° The dividing lines between this type of classical toler- 
ance and such mechanisms as_ circulating antigen-antibody 
complexes, and enhancement and/or blocking, for example, have be- 
come somewhat less distinct in recent years.’ The original model has 
retained its unique usefulness however, in the search for approaches 
that might eventually be applicable to problems in adult mammals. 

Largely stimulated by the report of Main and Prehn*’ that irradia- 
tion and bone marrow transplantation might be useful in the induction 
of allogeneic unresponsiveness in mice, Ferrebee and associates estab- 
lished a colony of selectively bred beagles in Cooperstown, New 
York.'® ** Studies of the segregation of DLA antigens in the offspring of 
approximately 450 consecutive matings within this colony identified 
all of the DLA haplotypes prevalent in that colony.'* These data, and 
the information available on the specific pedigree origin of each of 
these haplotypes, which was traced back to one of the original 
members of the colony, have facilitated the production of lines of se- 
lectively bred animals within the restricted genetic pool of the colony. 
Availability of such lines of dogs of known DLA haplotype and pedi- 
gree has permitted the routine induction of bone marrow chimerism in 
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dogs, under precisely controlled histocompatibility conditions, and 
with regular avoidance of the complications of graft-versus-host dis- 
ease.°! >4 This model has, in turn, led to a series of studies designed 
to assess the potential value of supralethal total body irradiation and 
bone marrow replacement in the induction of allogeneic unrespon- 
siveness in adult dogs. 

The first approach tested has been termed the “standard method.” 
The prospective host is given 1200 to 1400 R from two opposing cobalt 
sources, at an exposure rate of 3 to 4 hr per min.™ The irradiated dogs 
are then given bone marrow (3 x 10° cells) from a DLA identical 
donor. At one to three months after reconstitution, each chimera is 
tested with a kidney allograft obtained from the donor of marrow, and 
undergoes removal of its own two kidneys. Within one year, the chi- 
meras are given test skin grafts from the kidney donor and from other 
dogs of known DLA genotype. In regularly reproducible fashion, dogs 
treated by this standard method have remained permanently (>5 
years) unresponsive to kidney and skin allografts obtained from the 
marrow donor, without any other treatment.**+ The immunological 
specificity of the induced tolerance has been verified by the recipients’ 
ability to reject skin grafts obtained from other donors, including DLA 
identical and DLA-incompatible dogs.** The same method has pro- 
duced unresponsiveness to heart, lung, liver, and pancreatic allografts 
obtained from the specific donor of marrow.** 

In the “third-party” model,*® the prospective recipient is given the 
same dose of irradiation and of DLA-identical bone marrow as in the 
standard method. The time of challenge of the reconstituted host with 
a renal allograft is, however, decreased to 12 hours, and the source of 
the kidney transplant is a third genotypically DLA and pedigree- 
identical dog. The recipient’s own kidneys are removed three to six 
weeks later, and skin grafts from the donor of marrow, the kidney 
donor, and two other dogs are applied one year later. Recipients treat- 
ed in this fashion have remained unresponsive to their kidney allo- 
grafts and to skin grafts from the donor of marrow and from the kid- 
ney donor. Such dogs have, however, rejected skin grafts obtained 
from other donor sources.*” *° 

In order to eliminate the experimental variable provided by recon- 
stitution of the recipient with allogeneic marrow, a third approach 
termed the “autologous reconstitution” model has been developed recent- 
ly.*° For this purpose, the same standard dose of marrow is removed 
from the prospective recipient, and is stored at 4° C. This dog is then 
irradiated in the usual manner, and is reconstituted with its own 
stored bone marrow. Twelve hours later, each dog is given a kidney 
from a DLA and pedigree-identical donor; the recipient’s own kidneys 
are removed three to six weeks later. Twelve of 18 dogs treated in this 
manner currently survive with normal renal function. A number of the 
recipients were also unresponsive to skin grafts obtained from their 
kidney donor; they retained the ability, however, to reject skin grafts 
from other DLA identical and DLA incompatible donors. 

These data suggest that total body irradiation may induce in the 
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adult mammalian host a privileged phase of altered immunological 
reactivity during which antigenic challenge — particularly by the in- 
travenous route (as produced by vascular connection of a renal allo- 
graft) — may be likely to induce unresponsiveness rather than sensi- 
tization. The precise factors mediating such a response are not clear at 
present. Earlier observations have implicated active cellular mechan- 
isms in the long-term stable bone marrow chimerism and the state of 
allogeneic unresponsiveness produced by these techniques.” In this re- 
gard, one possible mechanism implicated in the results might be the 
generation of suppressor T-cells in the host, in response to the release 
into the host’s circulation of donor alloantigen(s) at a time when the 
events of irradiation have induced a temporary alteration in the usual 
ratio of suppressor to effector cells. Although a wide majority of stud- 
ies published hitherto on the immunological role of suppressor cells 
has not been concerned with allogeneic reactivity,’ recent evidence 
would appear to clearly implicate suppressor cell activity in the main- 
tenance of allogeneic unresponsiveness under a variety of experimen- 
talkconditionsss Ge os2 

The application of irradiation and marrow transplantation tech- 
niques to the induction of allogeneic unresponsiveness in adult mam- 
mals may be of relevance to a number of studies associated with the 
early history of kidney transplantation. Murray et al.*! and Merrill and 
associates*® have described the use of total body irradiation in the im- 
munological preparation of human transplant candidates. Although 
the results were generally disappointing, one of the case reports of 
Murray et al.*! bears a remarkable similarity to the model of ‘‘autolo- 
gous reconstitution” described above. The patient in question was a 
young male with end-stage glomerulonephritis, who shared 26 blood 
group antigens with his fraternal twin. This patient was exposed to 
total body irradiation, and received a kidney transplant from his 
brother 24 hours later. After an early crisis, this individual’s renal allo- 
graft has survived uneventfully (over 18 years at present), and the re- 
cipient has continued to do well, without any immunosuppressive ther- 
apy; he is probably the world’s longest surviving renal allograft 
recipient. 

A number of other investigators have attempted to use heterolo- 
gous antilymphocyte globulins in combination with prospective donor 
antigen(s) in attempts to facilitate transplant survival. Such studies 
include the use of cell-free antigenic extracts and ALG described in 
rodents by Cerilli and Hattan!® and by Judd and Trentin,*! as well as 
the infusions of bone marrow and/or thymocytes given to animals 
treated with ALG and procarbazine described by Floersheim.”! Kilshaw 
et al.** and Pinto and associates’ have induced specific unresponsive- 
ness to skin allografts in mice by pretreatment with spleen or liver 
extract, followed by ALG therapy after skin transplantation; this effect 
was potentiated by the addition of Bordetella pertussis vaccine to the 
therapeutic regimen. In addition, Monaco and Wood?” have shown 
that preparation of murine recipients with ALG before skin transplan- 
tation, when followed by the injection of donor strain bone marrow 
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cells on the eighth day after skin transplantation, can markedly and 
specifically prolong skin graft survival. The recent suggestion by Simp- 
son et al.” that one of the possible modes of action of heterologous 
antisera might involve the generation of a population of suppressor 
cells has provided an additional intriguing component to these experi- 
mental models. 


CONCLUSIONS 


Transplantation immunobiology appears to be alive and well; in- 
deed, it continues to thrive. Progress in clinical kidney transplantation 
appears, however, to suffer from a hopefully temporary frost. The con- 
tinued absolute dependence of the transplant surgeon upon azathio- 
prine and prednisone, and the plateau at which human kidney trans- 
plantation results have become flattened provide a clear illustration of 
the problem. Indeed, a significant prolongation of the present impasse 
may hold the very considerable hazard of depriving the transplant sur- 
geon of his therapeutic credibility — particularly if we note that, today, 
just as observed by Starzl in 1974,® the results of cadaver kidney 
transplantation in man are like a lottery, with no fully reliable predic- 
tion of the outcome possible on the basis of presently available pros- 
pective methods of testing. 

It must be noted that a significant number of patients with end- 
stage renal disease continue to gladly take their chances with trans- 
plantation, mainly because the quality of life made possible by a suc- 
cessful kidney allograft simply cannot be compared with the alterna- 
tive therapeutic modality, hemodialysis. Ideally, of course, each 
patient’s best chances lie in a combined approach. This will become 
particularly true if even a fraction of the current effort in immunobio- 
logical research comes to fruition. It is clear, however, that we still 
have a long way to go before clinical organ transplantation can truly 
be accepted as a routine therapeutic procedure. We must accept the 
reality that human cadaver organ transplantation continues largely to 
be an experimental procedure. As such, it may be difficult to justify 
the performance of such transplants outside of those centers which are 
equipped with the trained personnel and research laboratory facilities 
which are essential to enable the transplant surgeon to derive the 
maximum information possible from his patient material. Clinical kid- 
ney transplantation in the absence of the appropriate interdisciplinary 
setting where productive research and the treatment of end-stage 
renal disease are integrated into a cohesive unit would appear to no 
longer be justified by the present situation. The best hope for contin- 
ued progress would appear to be based upon a concerted effort, direct- 
ed at the common goal of eventually incorporating transplantation in 
definitive fashion into the therapeutic armamentarium currently avail- 
able for the management of patients whose vital organs have been de- 
stroyed by disease. 
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The acceptance or rejection of a tissue allograft depends on the 
immune response of the recipient to histocompatibility antigens pres- 
ent in the donor and absent in the recipient. The histocompatibility 
antigens of all species studied can be grouped into a major system and 
a number of minor systems. In man the major system of histocom- 
patibility antigens is known as HLA. Little is known of minor systems, 
although the ABO red cell system represents one such minor system. 


GENETICS 


HLA is one of the most polymorphic genetic systems yet defined in 
man and is situated on chromosome 6. It not only controls the expres- 
sion of histocompatibility antigens, but also carries genes controlling 
properdin factor B, and the second and the fourth components of com- 
plement (C2 and C4). A number of other genes have been located near 
the HLA complex, such as the genes controlling the enzyme phospho- 
glucomatase (PGM3) and the P blood group system. The HLA antigens 
are present on leucocytes and platelets of the peripheral blood, but not 
erythrocytes, and most, if not all, tissues of the body. 

The HLA antigens can be detected serologically and by mixed lym- 
phocyte culture. The antigens which are detected serologically, in a 
complement-dependent lymphocytotoxic test, can be divided into three 
series (A, B, and C). Within each series the antigens behave as if they 
were determined by mutually exclusive alleles (Fig. 1). The first series 
of antigens is known as HLA-A, the second as HLA-B, and the third as 
HLA-C. 

In addition to these serologically detected A, B, and C antigens, a 
further series of antigens can be detected by their ability to stimulate 
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Chromosome 6 72? 
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= A2 -cw2 -B7 -DW2 — - DRW2 

- AB -CW3 BB -DW3 - DRWS 
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Figure 1. The HLA region is situated on the short arm of chromosome 6. At present, five 
series of antigens which are genetically determined by this region can be detected serologi- 
cally (A, B, C, and DR) or by mixed lymphocyte culture (D). See text for full description. 


responder lymphocytes in the mixed lymphocyte reaction. This series 
of antigens which controls the mixed lymphocyte reaction is known as 
the HLA-D series. A series of antigens, either identical to or closely 
linked to the HLA-D series, can now be defined serologically. These 
antigens have a limited tissue distribution, being present on B lympho- 
cytes, macrophages, sperm, and perhaps endothelium. Thus using 
enriched B lymphocyte preparations from peripheral blood this series 
of antigens can be detected by the appropriate antisera in a 
complement-dependent lymphocytotoxic test. This series of antigens is 
known as HLA-DR (D related). This system of DR antigens is analo- 
gous to the Ia antigens in the mouse. 

Well defined antigens in each series are given a number, such as 
HLA-A1, -A2, etc., whereas less well defined antigens are given the 
prefix W, such as HLA-AW19, HLA-BW5. There are 17 antigens in the 
A series, 27 in the B, 6 in the C, 11 in the D, and 7 in the DR, making 
a total of 68 antigens at presently controlled by HLA. Thus the possi- 
ble combinations of alleles on a chromosome (this is called a haplo- 
type) is enormous, and if it is remembered that a similar large number 
of possible combinations may occur on the paired chromosome, the 
theoretical number of combinations, or phenotypes, in the population 
is enormous. The actual number is somewhat less than the theoretical 
number as certain antigens tend to occur together rather more fre- 
quently than expected by chance (such as HLA-Al, HLA-B8, and 
HLA-DW3). This is known as linkage disequilibrium and probably is 
due to some selective advantage provided by such a combination of 
alleles.** Nevertheless the number of phenotypes in the normal popula- 
tion remains enormous, and thus the chance of two unrelated people 
being truly identical for HLA is low. This is relevant to the role of 
tissue typing in cadaver transplantation. 
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MATCHING FOR HLA IN TRANSPLANTATION 


The main body of data in this area is derived from experimental 
skin grafts and renal transplantation. In living related donors of renal 
transplants matching for HLA can be very precise. Determination 
of the inheritance of the A and B antigens alone within a family en- 
ables the pattern of inheritance of each chromosome 6 within that fam- 
ily to be defined. For in general all the antigens of the HLA complex 
are inherited en bloc. Within a family 25 per cent of siblings will be 
identical for HLA, whereas 50 per cent will share 1 haplotype, and 25 
per cent wili share no haplotype. Siblings that are identical for the A 
and B antigens will nearly always be identical for the D series of an- 
tigens and therefore nonreactive in the mixed lymphocyte reaction. 
Renal transplantation between HLA identical siblings is the ideal sit- 
uation in which to perform a renal transplant,‘ 3* 52 although rejection 
does rarely occur. '!':#9 Such grafts have approximately an 80 per cent 
three-year survival rate. Transplants between siblings who have no 
haplotypes in common have survival rates comparable to unrelated ca- 
daver transplants, whereas the sharing of one haplotype in sibling or 
parent-to-child transplants produces intermediate survival figures 
(about a 65 per cent three-year survival rate). 

Skin grafts within families show a similar order of survival based 
on their identity or otherwise for HLA. Thus the behaviour of both 
renal and skin allografts in family combinations not only illustrates 
the genetic control of graft rejection but confirms that HLA is the 
major histocompatibility system in man. Furthermore in bone marrow 
transplantation, where graft-versus-host disease is even a bigger prob- 
lem than graft rejection, failure is almost inevitable in any situation 
except where transplantation is carried out between HLA identical sib- 
lings. 

The role of matching for antigens of the HLA-A and -B series of 
antigens has become more clearly defined in recent years after a great 
deal of controversy, since the first reports in the late 1960’s of a more 
successful graft outcome in well matched donor-recipient combina- 
tion.*: 2% 43-46 These early reports were not confirmed later by Terasaki’s 
group.2? However it is now generally agreed that the survival of kid- 
neys well matched for the A and B series of antigens (i.e., sharing 3 or 
4 antigens) is improved by approximately 10 per cent over that of poor- 
ly matched kidneys.* ** * 47: 48 55 

Matching for C series of antigens does not seem to be important,” 
although there is not a great deal of data about these antigens in 
transplantation. There is some evidence that matching is more impor- 
tant in the patient who is presensitised against HLA before transplan- 
tation,® 2° 39 and also in the patient receiving a second transplant. 

However Terasaki’s group*® has shown recently that the blood 
group and sex of the recipient influence cadaveric graft survival. Fur- 
thermore the influence of matching is most apparent in the male pa- 
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tient of blood group A or B. Of even greater interest is the observation 
made by the same group that the effect on graft survival of all these 
factors such as matching, sex, blood group, and presensitisation, are 
only seen in units with relatively poor results.*® In units where cada- 
veric graft survival is greater than 60 per cent at one year, no in- 
fluence of the above factors is seen! 

Indirect matching for HLA-D antigens can be assessed by the 
mixed lymphocyte reaction between donor and recipient. In living re- 
lated transplants the MLR does not generally add any more informa- 
tion than has already been obtained by serological typing for HLA-A 
and -B antigens. In cadaver transplantation Cochrum et al.* have 
shown a striking correlation between graft survival and the degree of 
responsiveness in the two-way MLR between donor and recipient. This 
correlation was surprisingly not seen in a one-way MLR. Recently 
Opelz and Terasaki‘! were able to show a weak correlation in the same 
situation. On the other hand no correlation has been found by Cullen 
et al., Jones et al., and Sachs et al. (1977).7.**:*8 Some groups have 
suggested that incompatibility for the B locus antigens shows a better 
correlation with graft survival than compatibility for the A locus.® 7% 48 
These workers have explained these findings on the basis of a linkage 
between the B locus and the D locus, the latter being the more impor- 
tant with respect to transplant survival. This suggestion is compatible 
of course with a better survival occurring in recipients with a low 
reactivity to donor lymphocytes in the MLR. Nevertheless at present 
the data available do not suggest that the MLR has any significant 
predictive value on the outcome of cadaveric renal allografts. 

Direct matching for HLA-D locus antigens has not been reported 
yet, and because of the difficulties of obtaining this data, is unlikely to 
be. However the first observations of matching for HLA-DR in cadaver 
transplantation have now been reported.** These preliminary data sug- 
gest that matching for HLA-DR alone may influence graft survival 
(Table 1), but again the correlation is not striking. However if a simi- 
lar improvement in graft survival can be obtained by matching for 
HLA-DR alone rather than HLA-A and B then matching for HLA in 
cadaveric renal transplantation could be simplified. This last sugges- 
tion should be regarded with due caution at this time. 


Table 1. Cadaveric Graft Outcome at Three Months Based on 
Incompatibility for HLA-DR Antigens in 60 Patients 
Where Two HLA-DR Antigens Were Defined in the Donor 


GRAFT GRAFT 
INCOMPATIBILITIES NO. SUCCESS (%) FAILURE* 
0) 4 4 (100) 0) 
1 34 26 ( 76) 8 
2 22 14 ( 64) 8 


_—_—_——_ oo  SSSSFSSsssFMSsSeeeeee 


“Graft failure = graft nephrectomy, return to chronic haemodialysis, or death of the 
patient. 
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PRESENSITISATION 


An important, if not the most important, aspect of matching of 
donor and recipient of a renal allograft is the detection of specific sen- 
sitisation of the recipient against donor histocompatibility antigens. 
Sensitisation of the recipient may arise as a result of previous blood 
transfusions, pregnancies, or a renal allograft. In practice this is per- 
formed by screening sera from the patients awaiting transplantation at 
monthly intervals against a panel of lymphocyte donors, representing 
most of the HLA-A and -B antigens. This enables the development of 
such antibodies to be detected and a positive serum retained for cross- 
matching directly with the donor at the time of a possible transplant. 
This is important as antibodies may develop and then disappear, and if 
only the most recent serum sample is used in the crossmatch between 
donor and recipient, then a false negative result may follow. The 
crossmatch is performed as a lymphocytotoxic test between recipient 
serum and donor lymphocytes in the presence of rabbit complement. 
Most units tend to use a prolonged incubation time during the comple- 
ment phase so as to increase the reactivity of the crossmatch. 

The majority of renal allografts in the presence of a positive cross- 
match will be rejected in a hyperacute manner, that is within 48 
hours of transplantation.” *-*! For this reason a positive crossmatch 
between donor and recipient is considered to be an absolute contrain- 
dication to renal transplantation. Similarly in bone marrow transplan- 
tation the presence of a positive serological crossmatch between recipi- 
ent and donor is likely to prevent successful marrow engraftment.* 

An exciting recent development in the crossmatching arena, 
where endeavour has been directed at increasingly more sensitive 
crossmatching techniques,* has been the recognition that not all lym- 
phocytotoxic antibody in patients awaiting renal transplantation is 
directed against the A, B, and C antigens of HLA. Sometimes antibody 
may be directed against antigens present on the B lymphocyte sub- 
population of peripheral blood, in contrast to antibody against A, B, C 
antigens which are present on both T and B lymphocytes. The anti- 
body which reacts only with B lymphocytes may be directed against 
HLA-DR or may be an autoantibody.* ** Thus where a positive cross- 
match is found to be positive against only donor B lymphocytes and 
not T lymphocytes, a renal allograft may be carried out safely in most 
instances.!* 26 35 

It has been suggested by Parkes et al.” that only a positive B cell 
crossmatch due to autoantibody allows a successful transplant, but 
this has been shown clearly not be be the case by Ting and Morris,” as 
illustrated in Table 2. These findings have important practical implica- 
tions, as they allow many recipients who were considered to be highly 
sensitised against HLA-A, B, C antigens by reason of their wide reac- 
tivity against a random population, to be transplanted. 

Morris et al.2° have suggested that renal transplantation in the 
presence of a positive B cell crossmatch might represent a favourable 
situation in which to perform a transplant, for passive enhancement of 
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Table 2. Cadaveric Graft Outcome at Three Months in 
Relationship to a Positive B Cell Crossmatch due to 
Autoantibodies or Alloantibodies in the Recipient Reacting with 

Donor B Lymphocytes.* 


B CELL-POSITIVE THREE MONTHS 
CROSSMATCH NO. Function Nonfunction 
Autoantibody if 6 1 
Alloantibody 11 8 ont 


*Modified from Ting, A., and Morris, P.J.: The influence on renal transplantation of a 
positive crossmatch due to autoantibodies and alloantibodies against B lymphocytes. Lancet, 
2:1095, 1977. se 


+One technical failure due to renal artery thrombosis. 


renal or cardiac allografts in the experimental rat can be produced by 
antibody against Ia-like antigens®** analogous to these donor B- 
lymphocyte specific antibodies in the human. Although they described 
a relatively benign course in many of their patients, the pooled results 
from several centres performing B cell crossmatches failed to show 
improved survival, at least in the short term, of grafts performed in 
the presence of a positive B cell crossmatch over those performed in 
the presence of a negative crossmatch. The results were excellent in 
both groups.> However these pooled data confirmed that the great ma- 
jority of renal allografts performed in the presence of a positive B cell 
crossmatch do not undergo early failure (Table 3). 

All of the above assays are directed at assaying humoral immuni- 
ty. In recent years attention has been directed at donor-specific cellu- 
lar immunity by assaying the killing of donor target lymphocytes la- 
belled with chromium 51 by recipient lymphocytes in the absence of 
antibody and complement. This is not an easy assay to perform and 
there are variations in technique between the groups using this assay, 
but as shown in Table 4, a positive cellular immune crossmatch can be 
considered a relative contraindication to renal transplantation. 

It was first suggested by Opelz and Terasaki*’ that patients who 
failed to form antibodies against HLA after a year on dialysis had a 
very good graft prognosis when eventually receiving a renal trans- 
plant. This gave rise to the concept of relative responsiveness or 
nonresponsiveness in the recipient as an indicator of graft outcome. 
Morris and Dumble®” were able to make the same division of recipients 
into alleged responders and nonresponders based on their reactivity 
with lymphoblastoid cell lines before transplantation, the nonre- 
sponders again showing a better outcome than the responders. Recent- 
ly Rolley et al.* made similar observations, but this division was based 
on the induction of sensitisation to DNCB before transplantation. 
These results remain to be confirmed, but the concept of a population 
of patients with a generalised immunodepression before transplanta- 
tion presumably due to uraemia, which results in improved graft sur- 
vival, is an attractive one. 
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Table 3. Cadaveric Graft Outcome at Two Months in Relationship 
to a B Cell—Positive T Cell-Negative or a B Cell-Negative 
T Cell-Negative Serological Crossmatch Between Recipient Sera and 
Donor Lymphocytes Pooled from Six Units* 
a 


B+ T— $=-7= 
Function 53 86 
Nonfunction 11 | 


*Modified from Carpenter, C. B., and Morris, P. J.: Pre-transplant sensitisation. Trans- 
plant. Proc., 1978, in press. 


X?= 1.75 with Yates c.f.; p > 0.05. 


As genetic complexity of the HLA system becomes clearer, it is 
apparent that there is an increasing problem in matching unrelated 
cadaver donors and recipients of any organ transplant, unless match- 
ing for HLA-DR antigens alone proves to be of value in predicting 
graft outcome. Thus the major application of our rapidly increasing 
knowledge of HLA is likely to be directed at the definition of the role of 
different types of donor-specific humoral and cellular presensitisation 
in the recipient, and the determination of the factors which influence 
the response of the recipient to allogeneic histocompatibility antigens 
in the form of a graft. 


BLOOD TRANSFUSIONS 


The role of blood transfusions before transplantation is a contro- 
versial one at present. For when the development of cytotoxic antibodies 
against HLA after rejection of a renal allograft?! and the occur- 
rence of a hyperacute rejection in the presence of a positive 
crossmatch was first demonstrated,”* **°' a natural sequel was to 
avoid blood transfusions in the patient awaiting transplantation in 
order to prevent sensitisation of the recipient against HLA. However, at- 
tempts to show a correlation between the number of pregraft transfu- 
sions and graft failure were unsuccessful.’ ?” °° This led to the sug- 
gestion that certain patients might have some fortuitous blood-induced 


Table 4. Cadaveric Graft Outcome at Three Months in Relationship 
to a Positive or Negative Direct Cell-Mediated Immune (CMI) 
Killing of Donor Lymphocytes by Recipient Lymphocytes.* 


POSITIVE CMI NEGATIVE CMI 
Function Ly, 138 
Nonfunction 29 50 


*Modified from Carpenter, C. B., and Morris, P. J.: Pre-transplant sensitisation. Trans- 
plant. Proc., 1978, in press. 
2 = 90.3 with Yates c.f.; p < 0.001. 
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PROBABILITY 


0-2. 


TIME 


Figure 2. A prospective study of cadaveric renal allograft survival in transfused and 
nontransfused patients in Oxford. Multiparous women and second grafts have been excluded 
from this analysis. Survival has been expressed by the life table method, with 28 patients 
in the nontransfused group and 47 patients in the transfused group. The curves are not sig- 
nificantly different. Time after transplant expressed in days (--- transfused; —nontransfused). 


specific suppression of the immune response to a renal allograft result- 
ing from previous transfusions. Support was lent to this suggestion by 
Fabre and Morris,!= 6 who were able to induce specific suppression of 
rejection of renal allografts in the rats with certain protocols of pre- 
graft donor blood infusions. Even in this model using inbred strains 
of rats, differing protocols of blood infusions produced a range of 
immunological effects ranging from accelerated rejection to com- 
plete suppression of rejection. Thus there did not seem to be sufficient 
evidence to justify a new policy of free transfusions of patients await- 
ing transplantation. 

Then in 1974, Opelz and Terasaki** reported that patients who had 
received no transfusions before renal transplantation had a much 
worse prognosis than transfused patients. This was a retrospective 
study from a number of centres, but they subsequently produced simi- 
lar results in a prospective study again from a number of centres.®° In 
this study graft survival at one year in nontransfused patients was 31 
per cent, but was 48 per cent in transfused patients. A beneficial effect 
of transfusions has been reported by a large number of other 
groups.'® !”?1 However some groups have reported little or no transfu- 
sion effect,’ *’ °° °° so that the picture is still unclear. For example, the 
Oxford data show no difference between transfused and nontransfused 
patients if one considers only first cadaver grafts and excludes women 
with any previous history of pregnancy (Fig. 2). Recent data from the 
U.K. Transplant Registry finds little effect of transfusions but a signifi- 
cant beneficial effect of pregnancy on graft outcome.®*® This difference 
between results of many units obviously reflects differences in the 
overall quality of care, but must also be due to the selection of a more 
suitable patient for transplantation, which in some way is reflected by 
their pregraft transfusion history. Some transfused patients will be- 
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come so broadly sensitised that they will not receive a renal trans- 
plant. On the other hand, those patients who do not become sensitised 
as a result of transfusion fall into a nonresponding group,°’ and it is 
apparent that such patients show an excellent graft survival. 

What is unclear is the fate of those patients who become sensitised 
and receive a transplant with perhaps a poorer survival expectancy 
unless the kidney is well matched or who indeed become virtually non- 
transplantable due to sensitisation against most of the population. 
Very careful prospective studies of the effect of transfusions on the 
fate of patients accepted onto a dialysis-transplant programme must 
be provided before a generalised transfusion policy is adopted. Indeed 
Barnes’ has devised a formula for calculating the beneficial effects of 
pregraft transfusions in patients on dialysis depending on graft surviv- 
al figures in a given unit. This suggests that no beneficial effect of 
transfusions is to be seen in a unit with good graft survival (for exam- 
ple, greater than 60 per cent at one year). 

Two recent relevant animal experiments involving blood transfu- 
sions before renal transplantation have been reported recently by van 
Es and colleagues and Fabre and colleagues." In the former, Rhesus 
monkeys were transfused before transplantation using several proto- 
cols. The animals received Rh LA compatible transfusions and a com- 
patible graft and were immunosuppressed with suboptimal doses of 
azathioprine and prednisolone. The animals receiving several transfu- 
sions before grafting developed cytotoxic antibodies and showed very 
significant prolongation of graft survival. Nevertheless grafts in two 
animals also survived in the presence of a strong positive crossmatch 
between donor and recipient, which could not be explained on the 
basis of a positive B cell crossmatch. In the latter study Fabre and 
colleagues, again using a variety of pregraft transfusion protocols, 
found that the animals became so highly sensitised that in many in- 
stances no donor animal from a random panel could be found with a 
negative donor-recipient crossmatch. All kidneys transplanted in the 
face of a positive crossmatch failed to function. Those transplanted in 
the presence of a negative crossmatch, and immunosuppressed with 
azathioprine and prednisolone, showed prolonged survival. Thus these 
latter experiments underlined the risks as well as the benefits of trans- 
fusions before transplantation. 


CONCLUSIONS 


The definition of HLA, the major histocompatibility complex in 
man, has developed at a tremendous pace in the last 10 years, driven 
by the stimulus of better matching for transplantation and the expec- 
tation of better graft survival as a result. However this has not been 
realised to the extent hoped in cadaveric transplantation, although the 
current studies of the role of the newly defined HLA-DR antigens in 
matching may improve the outlook in this area. The determination of 
specific presensitisation against donor HLA, both humoral and cellu- 
lar, is one of the most profitable areas of application of tissue typing in 
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transplantation. The recent recognition in potential graft recipients of 
antibodies to donor HLA-DR, as recognised by a positive B cell cross- 
match between donor and recipient, is a significant advance in match- 
ing. Induction of specific suppression of the immune response against 
donor HLA remains the goal of transplantation. It is in this context 
that it has been suggested that blood transfusions before transplanta- 
tion may improve graft survival. However both human and experimen- 
tal data suggest the need for caution in accepting that pregraft transfu- 
sions are a panacea for the problems of transplantation. 
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As our society has become increasingly involved in the ramifica- 
tions of the transplantation of human organs and tissues, the time has 
come to achieve a balance between social needs and individual rights. 
Organ donation and the definition of death have raised a number of 
issues involving medicine, law, ethics, sociology, philosophy, theology, 
psychology, economics, and politics. In order to define the existing 
problems and to find a solution, it is important to delineate these vari- 
ous areas. 

While the advisability of transplanting certain types of tissue, such 
as the heart, is occasionally questioned, and the possibility of trans- 
planting other types of tissue is still years away, other procedures, 
such as blood transfusions, skin grafts, cornea transplants, and kidney 
transplants are commonplace, usually successful, and are considered 
to be routine procedures. While bothersome legal technicalities attend 
these procedures, in general, given the present state of the law, they 
do not expose transplant surgeons to any special legal risk not shared 
by their brethren in other branches of medicine. Just as would any 
physician, transplant surgeons must act pursuant to the applicable 
standard of care, must obtain the requisite consents, and must careful- 
ly observe all legal requirements, restrictions, and strictures. The law 
requires as much for all practitioners who wish to prudently limit their 
exposure to pecuniary liability. 

This conclusion is not without risks of its own, however. Because 
of the relative newness of tissue transplantation, established prece- 
dents are few. Furthermore, the framework of existing laws, statutes, 
cases, and regulations covering transplantation fails to solve many im- 
portant uncertainties. These questions must be answered with suppo- 
sition, intelligent guesses, and legal conclusions. If any of these suppo- 
sitions, guesses, or conclusions prove wrong, transplant surgeons may 
face substantial liability exposure. 


*Legal Counsel, University of Illinois at the Medical Center, Chicago, Illinois 
+Chief, Renal Transplantation Service, Department of Urology, University of California 
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So far, there is no reason to suspect this result will occur, howev- 
er. The first case involving substantive issues of wrongdoing in organ 
transplantation has been decided in quite routine fashion. In this 1975 
Michigan case,! the defendant hospital was held liable to a donee in- 
fected by a cadaver cornea removed from a very sick donor and trans- 
planted at another hospital. Because medical records relating to the 
donor were missing and because no guidelines for determining suitabil- 
ity had been established by the defendant, the rather tenuous physical 
condition of the donor was not ascertained nor was his unsuitability 
established. The ruling in this case demonstrates that those who fail to 
exercise the appropriate standard of care in determining the physical 
condition of a donor will be liable for injury to unwitting recipient vic- 
tims of this defective tissue, a perfectly predictable result under tradi- 
tional malpractice concepts. 

This particular act of wrongdoing is not the only type of error or 
omission which could result in liability for a transplant surgeon. Con- 
sidering the current state of the art, a transplant surgeon may also be 
held liable for other acts of omission or commission. For instance, 
transplant surgeons must assure that an organ is in a good state prior 
to transplant, and the donor’s age and antemortem condition are not 
contraindications to transplantation. In other words, due care must be 
used at all stages of the patient’s management. 

Laboratory tests that are carried out, such as direct lymphocyto- 
toxicity tests or mixed lymphocyte culture tests, are accepted today with- 
out much question. However, in the, future, if a transplant is unsuc- 
cessful because of obvious error in performing any laboratory test, 
especially if a living donor gives up a kidney without a successful 
transplant resulting, the surgeon may be held liable for the error. 
These are all imaginary situations today, but may be a practical reality 
in the near future. 

Adequate standards for the quality of tissue preservation and 
banking must also be set and followed. As tissue preservation methods 
become more sophisticated, it will be important to ensure that all tis- 
sue banks achieve and maintain a high quality. Licensing of tissue 
banks may soon be a reality. A physician using a “banked” organ must 
be given full assurance that the quality of the organ is beyond ques- 
tion, that it is not contaminated, that it is not infected, and that it is 
not malignant. 

Yet, to date, the rather remarkable paucity of litigation directly in- 
volving most forms of organ and tissue transplantation may deceive 
the transplant surgeon into believing that problems relating to mal- 
practice which have plagued his fellow physicians have somehow 
escaped him. His reliance may be misplaced. Thus far, the transplant 
surgeon has escaped the judge’s gavel primarily for three reasons. 
First, the art of transplantation is sufficiently new and experimental 
that a standard of care was not easily proved. The Michigan case indi- 
cates that this situation is changing. Second, the expectations for suc- 
cess held by recipients have been low. Most have recognized that, ulti- 
mately, an organ or tissue transplant is a high-risk procedure with a 
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limited chance for success. Bad results often have been dismissed as a 
pure incidence of the procedure. Contrast this still prevalent attitude 
with expectation of outcome for other medical procedures where vir- 
tual perfection is anticipated. 

The third basis for this phenomenon results from careful personal 
relationships developed between most transplant surgeons and their 
patients. A vast majority of malpractice cases currently brought are 
the result, either directly or indirectly, of lack of this personal relation- 
ship. Too often physicians do not take the time to explain the implica- 
tions and ramifications of the procedures they wish to perform. More 
importantly, in too few cases do physicians ever attempt to develop 
rapport with their patients. Modern monolithic specialized medical 
center treatment often makes a trusting relationship nearly impossi- 
ble. If an untoward result occurs, the patient is willing to fault his 
physician, a particularly vulnerable and easily accessible victim, whom 
he neither knows nor trusts. On the other hand, the uniqueness of 
organ transplantation guarantees that by the time the procedure is 
performed, the physician and the patient have a well established and 
trusting relationship based in large measure on extensive communica- 
tion and a long period of interaction. 

Time undoubtedly will erode each of these protections, heralding 
the day of the frequent transplant malpractice suit. Such suits will 
likely be the result of the imposition of ordinary malpractice standards 
applied in customary ways. Nonetheless, transplant surgeons still 
have legal burdens not shared by those who do not participate in 
human tissue transplantation. These burdens are caused by problems 
encountered in obtaining and distributing tissue and also in introduc- 
ing this unique “‘foreign object” into the patient. 


SOURCE AND DISTRIBUTION OF ORGANS 


The history of the struggle to facilitate the donation and the taking 
of human body parts has been extensively chronicled elsewhere.” In 
July, 1968, the National Conference of Commissioners on Uniform 
State Laws adopted the Uniform Anatomical Gift Act. The Act is in- 
tended to provide legal authorization for any competent adult to make 
a gift, to take effect at death, of any of his organs, parts, or tissues, or 
a gift of the whole body for anatomical study or for transplant pur- 
poses. Relatives, in ranked order of priority, may make such gifts after 
their loved one’s death. Uniformity in anatomical gift laws is impor- 
tant because of the peripatetic nature of Americans. Yet, even today, 
after the enactment in all states of the Uniform Anatomical Gift Act 
and after establishment of programs and procedures for obtaining 
organs, significant problems remain. 


Exposure of Physician to Liability as a Result of Taking Human 
Flesh from a Dying Subject for Transplantation into Another 


Section 7 (c) of the Uniform Anatomical Gift Act states: 
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“A person who acts in good faith in accord with the terms of this Act or 
with the anatomical gift laws of another state (or a foreign country) is not lia- 
ble for damages in any civil action or subject to prosecution in any criminal 
proceeding for his act.” 


This section has traditionally been thought to provide broad protection 
to the physician against lawsuits based on allegations such as “mutila- 
tion of a corpse,” “mayhem,” ‘unauthorized autopsy,” or other actions 
associated with the removal of organs from a deceased. There is, how- 
ever, no general unanimity as to whether this section protects against 
torts such as “wrongful death” or “premature determination of the 
time of death,” or protects in those cases where tissue donation may 
cause death itself as that term is traditionally defined. Several writers® 
have argued that this clause protects only the transplant surgeon and 
the donee, who in good faith, and without any knowledge of a defect of 
a gift, accept a body part for transplantation, and that it does not pro- 
tect the physician who determines when a donor has died. They base 
this conclusion partly on the commentary of several scholarly drafters 
of the Uniform Anatomical Gift Act and partly on a strained reading of 
the words themselves. The Act, so the argument goes, establishes a 
procedure for obtaining postmortem gifts of human tissue, it does not 
speak of in vitro donation. It clearly provides that a gift may, if at all, 
take effect only after death. Since this is true, so long as the patient 
lives, the Act and its protections are null, they argue. Based on this 
assumption they conclude that the protections of the Act begin imme- 
diately after death and continue only until the acceptance of a gift. No 
protection is afforded the treating physician in the all-important ques- 
tion of determining the time of death. Neither is the treating physician 
protected if he fails to use even unjustified heroic measures in at- 
tempting to rehabilitate a potential donor, or in withholding vital me- 
chanical assists from a ‘“‘brain dead” patient. 

We feel that these writers are wrong in their analysis. It is true 
that no one could rationally suggest that any physician should be ex- 
culpated from liability to living patients if he violates his duty to pro- 
vide competent medical treatment pursuant to all applicable standards 
or if he causes death by premature discontinuation of life supports. 
This immunity provision does not and should not cause such a result. 
Neither should it provide immunity to the transplant surgeon from 
medical errors or omissions in performing the transplant. The Michigan 
case briefed above demonstrates that it does not. To suggest, however, 
that the treating physician’s decision as to the time of death, critical in 
the transplant procedure, is not covered is to ignore important protec- 
tion of the Act. While it is true that gifts under the Act do not take 
effect until after death, the Act discusses considerably more than just 
the mechanics of a gift. Section 7 (b) directs that the time of death is 
to be determined by the treating physician, and, therefore, when he 
determines the time of death, he is acting pursuant to the Act. Since 
Section 7 (c) protects anyone who acts pursuant to the Act from both 
civil and criminal liability, the treating physician is so protected when 
he determines the time of death. 
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This conclusion seems to be supported by the only reported case 
concerning Section 7 (c), Williams v. Hofmann, a 1974 Wisconsin Su- 
preme Court decision.’ In that case, a treating physician informed the 
husband of a patient that his wife had expired and obtained consents 
for the removal of the wife’s kidneys. Two and one half days later, 
after a mortician reported he could not locate the body, the husband 
learned that his wife’s body had been kept functioning through life 
support techniques, and that a pronouncement of death had not been 
officially.made. He attempted to contact the treating physician to stop 
the kidney removal only to discover that as he acted his wife was de- 
clared dead and the kidneys were removed. He sued for lack of in- 
formed consent and negligence in his wife’s name as the administrator 
of her estate and for mutilation of a corpse and negligence in com- 
municating an erroneous and premature death message in his own 
name. The Court held that the Section 7 (c) absolutely protected the 
physician defendants from charges relating to mutilation of a corpse 
and relating to the death message. Again, predictably, the Court also 
held that 7 (c) did not protect against malpractice or lack of informed 
consent arising from ordinary medical treatment of a living person. It 
stated: 


“The ‘terms of this section’ as just pointed out concern (a) the mechanics of 
giving and receiving anatomical gifts, (b) the determination of time of death, 
and (c) procedures following death. Since the ‘terms of the section’ do not ex- 
tend to treatment of the donor prior to death, nor to treatment of the live trans- 
plant donee, we conclude that the liability limitation does not apply to such 
treatment.’’° 


While this language imposes liability, it also strongly suggests that 
all “determinations of the time of death” and details concerning the 
mechanics of formally declaring a death are protected by the Act. The 
Court simply could not so rule because the issue was not squarely be- 
fore it. 

This Section 7 (c) does absolutely protect the treating physician in 
his decision as to the time of death, assuming he acts in “good faith.” 
Despite this protection, other writers have suggested that the treating 
physician has a contract not to make premature and unjustified deci- 
sions which effectively abandon his patient by declaring him dead, 
that treating physicians have a duty to continue most heroic extraor- 
dinary efforts to prolong life,’ and that the withdrawal of life support 
measures is tantamount to homicide.* But these are only theoretical 
possibilities not substantiated by case law or statutes. Neither the 
treating physician nor the transplant surgeon should suffer any unique 
liability as a result of decisions they may make or actions they may 
take in declaring the time of death and facilitating gifts of human tis- 


sue. 


Exposure of Physician to Liability as a Result of Failure to Act “in 
Good Faith” under the Uniform Anatomical Gift Act 


While the physician’s immunity from liability for handling the me- 
chanics of giving and receiving anatomical gifts, for making determi- 
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nation of the time of death, and for invading the body to remove 
organs after death is clear, he still must proceed “in good faith in ac- 
cord with the terms of [the] Act. . .” in order to preclude unusual 
types of liability. Generally, “good faith” is a standard of care material- 
ly easier to meet than an ordinary negligence standard and substan- 
tially easier to meet than a professional standard. It connotes a moral 
quality, a state of mind denoting honesty of purpose, freedom from in- 
tention to defraud, and a faithfulness to one’s duty;'' but it is more 
than a mere absence of fraud. “Good faith” depends on making a rea- 
sonably diligent effort.’ In the medical setting, good faith means good 
intent and the honest exercise of the physician’s best judgment as to 
the needs of his patient; mere errors of judgment are not evidence of 
bad faith. Bad faith, on the’ other hand, is evidenced by actual or con- 
structive fraud, or design to mislead or deceive another, or a neglect or 
refusal to fulfill some duty or some contractual obligation not prompt- 
ed by an honest mistake as to one’s rights or duties, but by some in- 
terested or sinister motive. 

Whether one has exhibited “‘good faith” then in a specific instance 
becomes a question of fact. The treating physician and the transplant 
surgeon both must follow the procedures spelled out in the Act; failure 
to do so amounts to “bad faith” per se. They cannot act in willful dis- 
regard of a notice of a procedural defect in any gift. But in determin- 
ing the time of death, the undertaking giving rise to the greatest risk 
under the Act, a physician responds in good faith if he makes an hon- 
est effort to determine the time of death based upon a reasonable and 
well-recognized medical standard. Pursuant thereto he must exclude 
extraneous or conflicting information or interests from his decision, 
and intend to act exclusively in the best interests of only his patient. It 
is not necessary that the standard for the determination he selects be, 
in fact, the most rational or appropriate so long as he believes it is; it 
is not necessary that he apply the standard for determining death cor- 
rectly so long as he uses his best efforts to do so; and it is certainly not 
necessary that the decision even be correct so long as he is not in fact 
aware that it is incorrect. 

One of the questions raised by professional and lay people has con- 
cerned the possible need to redefine death. A new legal definition of 
death would be significant not only for organ transplant surgery, but 
for many areas of the law, such as the passage of the property upon 
death and homicide prosecution." Until recently, death was legally de- 
fined as “the cessation of life; the ceasing to exist; defined by physi- 
cians as a total stoppage of the circulation of the blood and a cessation 
of the animal and vital functions consequent thereupon, such as re- 
spiration, pulsation, etc.” (Black’s Law Dictionary, 4th ed.). The first 
significant step to provide a clearer definition was taken by the Ad Hoc 
Committee of the Harvard Medical School composed of representatives 
from Medical Faculty, History of Science, Theology and Law.“ Four 
requirements were proposed as defining a permanently nonfunctioning 
brain: (1) unreceptibility and unresponsiveness to external stimuli for 
3 minutes off respirator; (2) no movement or breathing; (3) no re- 
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flexes; and (4) flat electroencephalogram. Some courts have recog- 
nized this test. In New York City Health and Hospitals Corporation v. 
Sulsona [|FN:367 N.Y.S. 2nd 686 (N.Y. Sup. Ct. 1975)], the Court de- 
cided that the Uniform Anatomical Gift Act should be broadly con- 
strued to encourage anatomical gifts and that, therefore, the Harvard 
criteria should be applied. 

Twelve states have enacted laws codifying these criteria. The Cali- 
fornia Legislature in 1974 declared that “a person may be pronounced 
dead if it is determined that the person has suffered an irreversible 
cessation of brain function. There shall be independent confirmation of 
death by another physician.” While the National Conference of Com- 
missions on Uniform State Laws decided against defining death when 
drafting the Uniform Anatomical Gift Act, it has now agreed to review 
the issue’ in an effort to settle the question of the interrelation be- 
tween the Uniform Act and the physician’s role in determining death. 

The Law and Medicine Committee of the American Bar Associa- 
tion has accepted’ the following definition: “For legal purposes, a 
human body with irreversible cessation of total brain function, accord- 
ing to usual and customary standards of medical practice, shall be 
considered dead.” The snag is what constitutes ‘usual and customary 
medical practice.” Many feel that Harvard criteria are too rigid and 
restrictive. Recently, Walker'® reported the result of a collaborative 
study sponsored by the National Institute of Neurological and Com- 
municative Disorders and Stroke. After studying 503 comatose and ap- 
neic patients, they proposed the omission of an EEG and the confirma- 
tory test of absent cerebral flow in cases where the obvious etiological 
factor, such as massive brain trauma, was known to be a nontreatable 
condition. Furthermore, they suggested a confirmatory test to demon- 
strate the absence of the cerebral blood flow when an early diagnosis 
of cerebral death is desired, particularly if one or more of the critical 
factors are indefinite or in patients with small amounts of sedative 
drugs in the blood. 

The Conference of Royal College and Faculties of the United King- 
dom," in their report, maintained that in most situations brain death 
can be readily and reliably recognized on clinical criteria alone by doc- 
tors without the use of an EEG. 

Despite these medical and legal problems, though, a “good faith” 
standard is, in fact, not a significant burden on the physician. He wiil 
not be exposed to unusual liability unless he has no good justifiable 
argument for the means and criteria he has used to determine the 
time of death. 


Problem of Unclaimed Body Statutes 


Legislation has provided the opportunity for the delivery of the un- 
claimed bodies to medical schools and hospitals for educational and 
scientific purposes.® These statutes, known as either “unclaimed body” 
or “anatomy” statutes, usually contain waiting periods of at least 24 
hours, during which time the hospital in possession of the deceased’s 
body must make a reasonable search for the next of kin.'° Until this 
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has been made, and the waiting period has passed, the body is not 
“unclaimed” within the meaning of the statute. 

Depending on the jurisdiction, these statutes may facilitate trans- 
plantation. However, clearance from the Coroner or Medical Exam- 
iner’s office is a necessary prerequisite. The hospital Medical Adminis- 
trator may then actually consent to the removal of organs for 
transplantation on ‘the basis that ‘the said body is unclaimed, and the 
next of kin of the deceased could not be located” after a careful and 
diligent search has been made through the police, hospital security, 
and the deceased’s personal possessions. All of these searches have to 
be well documented in the chart, inserting the actual time that the 
search was initiated. 


Problems with Obtaining Informed Consent from Living Donors for 
Transplantation 


The Uniform Anatomical Gift Act is not useful in facilitating a gift 
from a living donor, though this type of gift is, in many instances, not 
only preferable but absolutely medically necessary. For such gifts, tra- 
ditional concepts of informed consent must be utilized. The general 
rule is that any competent adult may consent to or withhold consent 
for any medical procedure. A physician may rely on such a grant so 
long as it is freely given and is based on reasonable information. 

In order to remove a nonvital organ from a living donor then, a 
transplant surgeon need only obtain the adult donor’s informed con- 
sent. Although it has been argued that mere consent should not be 
sufficient because the donor is often subjected to rather great personal 
and familial pressure to consent, it is seldom seriously proposed that 
organ donation from live donors should cease because of insurmount- 
able problems in obtaining a ‘‘duress free” informed consent. Some 
physicians as a prophylactic may order a psychiatric consult for pur- 
poses of ascertaining the severity of any “inherent duress.” If the 
donor is determined to be under sufficient internal pressure, the proce- 
dure will not go forward. But, so long as an adult patient consents to 
the removal and that consent is properly obtained, the transplant sur- 
geon is exposed to no more risks than he is in any routine medical pro- 
cedure. 

In some situations, donation from a minor or from an incompetent 
adult may become necessary. It is these situations which cause sub- 
stantial problems. Minors and incompetents lack the capacity to con- 
sent to any medical treatment. Many times they even lack capability 
to rationally understand what is proposed. Typically, for ordinary med- 
ical care, the patient or legal guardian consents to procedures for and 
in the name of the child or the incompetent. However, parental con- 
sent has been ruled operative only where a “benefit” to the ward will 
probably result from the procedure proposed. The United States Su- 
preme Court has recognized that adults have every right to become 
martyrs themselves but that they have no right to require the same of 
their children. '® 
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In the face of these legal strictures, protection of court orders have 
generally been sought by transplant surgeons before removing tissue 
from a minor or incompetent donor in cases where preservation of life 
dictated that all reasonable means be exhausted to obtain approval to 
proceed. When these Court orders have been requested, Courts have 
struggled with the law concerning parental consent, finding traditional 
precedent uncomfortable but too strong to ignore. They have refused to 
lift the rule requiring “benefit” to the minor or incompetent but have 
concomitantly artificially invented a way to prove “benefit” exists. 

There are several famous examples of this judicial process. The 
earliest examples are three 1957 declaratory judgment actions in the 
Supreme Judicial Court of Massachusetts involving proposed kidney 
transplants between minor identical twins.'!? The Court found that, in 
each case, so long as the parents had given their full, voluntary, and 
informed consent; so long as the minor has been fully informed of the 
procedure, understood it, was of such an age to grasp the conse- 
quences of his act in consenting, and consented to it; and so long as a 
“benefit”? to the minor could be established, the surgeon could proceed 
with the transplant. Remarkably, the Court discovered that there 
would be, in fact, great psychological benefit to the donors from the 
transplant procedure. Based upon testimony of questionable validity, it 
found that the loss of the sick twin could result in ‘‘a grave emotional 
impact on the survivor.’”° Thus, the Court allowed the transplants to 
go forward, granting an order protecting the surgeon from possible lia- 
bility for failing to obtain adequate consent. 

The precedential value of this decision is quite limited, having 
raised more questions than it settles. While it is true that the Court 
does open the door to donation by minors and clearly deviates from 
traditional common law rules, the decision only applies to potential 
transplants involving children beyond the ‘age of reason.” This is a 
narrow license since, based upon some unknown logic, the Court not 
only permits and requires consent by children beyond the “age of rea- 
son,” but still also requires consent by the parents after a benefit to 
the donor is established. Consistency would direct that either the con- 
sent of the minor is dispositive, or that the consent of the parent, cou- 
pled with appropriate showing of psychological benefit, is controlling. 
Further, by carving an exception in this particular way, the Court has 
by implication closed the door to transplants from minors who have 
not passed the ‘‘age of reason.”’ 

Although the artificial nature of the “benefits” test cannot be gain- 
said, this same doctrine was liberally applied in a Kentucky case, 
Strunk v. Strunk, in 1969.”! In that case, an institutionalized 27-year- 
old with an I.Q. of a six-year-old was determined to be most suitable 
for providing a kidney to his brother, an adult suffering from a fatal 
kidney disease. The mother requested a court order allowing her to 
consent to the donation of a kidney from the incompetent. The trial 
court, in a decision affirmed upon appellate review, held that a Court 
of equity had the power to enter such an order and that the case pre- 
sented was appropriate for the issuance thereof. The Court found that 
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the transplantation would be beneficial to the incompetent because he 
was quite attached to his brother and his brother’s death would have 
an adverse psychological impact. 

To label this, as most do, as a “benefits test” is deceptive. As has 
been correctly noted,” the test used in the Massachusetts cases and in 
the Kentucky case is more aptly described as the “detriment test.” It 
actually calls for the finding of some psychological detriment to the 
donor if the transplant does not occur. Framing the test in this light 
reveals its weaknesses. Psychiatric speculation about possible detri- 
ments should never be used as a basis for taking precious body parts 
from someone who, by his lack of mental capacity, cannot resist. The 
fact is that organ donation presents substantial built-in detriment to 
anyone. Outsiders simply lack the necessary information to speculate 
whether the psychological or the physical “detriment” might be 
worst for a mental incompetent. To make this decision for the ward 
amounts to exploitation in the name of humanity, and no amount of 
rationalizing can vitiate this fact. 

Neither does the vague and loose “benefits test’? contain procedur- 
al or substantive safeguards to protect against arbitrary manipulation 
for utilitarian ends. What constitutes a “benefit” is not articulated and 
there is no consistent interpretation of the word. Means of testing the 
conclusion that “benefit” exists are never discussed. Little thought is 
given to developing means for insuring accuracy and presentation of 
all relevant information and opinions to a court faced with such a de- 
cision. 

The Court in Strunk also found an additional basis to justify its 
decision by expanding the Doctrine of Substituted Judgement to deci- 
sions about organ and tissue removal. This doctrine has traditionally 
been used to authorize gifts from an incompetent’s estate to persons to 
whom the incompetent owes no legal duty, either of support or by con- 
tract. The Doctrine of Substituted Judgement requires the Court to 
“substitute itself as nearly as may be for the incompetent and to act 
upon the same motives and considerations as would have moved 
(him).”*? It is based on the theory that the incompetent would have 
wanted to make the gift were he able. In Strunk, the Court, in decid- 
ing to permit the gift, substituted its judgment for that of the incompe- 
tent, finding that surely if the ward were able, he would have wished 
the donation to proceed. 

Professor John Robertson has argued quite persuasively for the use 
of substituted judgment under carefully articulated standards in cases 
such as this.* But the fact remains that no matter how they are 
viewed, the benefits test and the substituted judgment doctrine are 
both legal fictions which suffer from the same basic shortcomings. 
The interests or desires of the incompetent simply cannot be ascer- 
tained. Such a legal fiction makes some sense when a court is invad- 
ing the corpus of the incompetent’s estate to benefit a close relative, 
especially when those assets may be of little use to the incompetent. 


No such argument can be made for life-threatening invasive proce- 
dures. 
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Not all courts have been willing to authorize organ donation from 
incompetents. In Lausier v. Pescinski,> the Court, faced with a pros- 
pective donee in imminent danger of expiring without the transplant, 
refused to authorize the removal of an organ from an incompetent 
adult. The Court did not hold that it totally lacked the power to autho- 
rize the procedure, but seemed to find that, in the case before the bar, 
proper protection of the incompetent’s interests simply precluded the 
transplant. The Court, declining to adopt the substituted judgment 
doctrine, relied on the benefit test, determining that sufficient benefits 
did not exist. In doing so, the Court simply sought to protect the in- 
competent. 

In summary, the state of the law as it relates to tissue donation 
from living donors is muddled. Even though a gift from a competent 
adult is likely to be fully operative so long as the adult gives an in- 
formed consent, minors and adult incompetents are good sources only 
under most unusual circumstances. Only the authority of a court al- 
lowing a parent or guardian to consent can exculpate the physician 
from possible massive liability and perhaps, in such a sensitive area, 
ethical censure. A transplant surgeon simply should not proceed with- 
out it. It should be understood, however, that the procedures required 
to obtain an order are quite cumbersome and uncertain of success. 
Also, there is probably no present existing legal theory or set of stan- 
dards which can both protect the vital interests of the incompetent 
and also allow the procedure to go forward. 


INTRODUCTION OF A “FOREIGN OBJECT” 


Most physicians are familiar with problems arising when a foreign 
body is accidentally left inside a patient during surgery. The physician is 
simply liable for all damages which result from this unfortunate occur- 
rence. Transplant surgeons are regularly exposed to risks much akin 
to this ‘foreign object’ liability as an inherent incident of their prac- 
tice. Anyone introducing any tissue from another into a donee’s body 
risks precisely such exposure if the donee suffers injury from that tis- 
sue. This phenomenon has been painfully observed in the “transfu- 
sion” cases. 


Transfusion of Human Blood 


The cases involving the transfusion of blood should prove sobering 
for the transplant surgeon because they indicate beyond a reasonable 
doubt that he may be liable for defective tissue transplanted. In Cun- 
ningham v. MacNeal Memorial Hospital,’’ a patient was infected with 
serum hepatitis as a result of a blood transfusion she received while a 
patient in the defendant hospital. She then filed suit on theory of strict 
liability in tort (i.e., not requiring a showing of negligence or a viola- 
tion of any standard of care) predicated upon the “inherent danger” 
caused by the product blood, which she had been sold. The hospital 
defended by arguing that the furnishing of human blood was not sell- 


256 NorMaNn P. JEDDELOH AND SATYA N. CHATTERJEE 


ing a product but providing a “service (drawing, collecting, typing, 
storing, and transfusing),” and that this service was not the business 
of the hospital, but a purely nonprofit ancillary undertaking for the con- 
venience of its patients. The Court disagreed. It found that not only 
was the defendant in the “business” of selling blood, but also that blood 
was a product even though the hospital did not treat, process, or man- 
ufacture it. As the Court viewed the transaction, the hospital persuad- 
ed its patients to rely on the safety of the transfused blood as an in- 
ducement to the sale. It, therefore, decided that the hospital was strictly 
liable for all injuries resulting from defects in this product. 

The Court seemed to base its conclusion on the theory, popular 
among law professors, that, whenever injury occurs in this modern, 
complex society, determining fault as a basis for finding liability 
should take second place to determining who may best control, as- 
sume, spread, and insure against the risk and cost of injury. Here, the 
Court found, the hospital could best perform this function by spreading 
the risk among the exposed population. Since this analysis was used 
by the Court, the hospital’s argument that it had exercised all possible 
due care in light of the fact that no test to screen for blood serum 
hepatitis existed was not probative and was disregarded. The Court 
pointed out that liability had been imposed in a myriad of processed 
food cases very similar to transfusion cases. In those cases, sheer vol- 
ume made impossible the screening of every item and random quality 
control was only useful in discovering a large sample of bad items. 

As demonstrated by Perlmutter v. Beth David Hospital,”” howev- 
er, an opposite conclusion may also be logically reached in the same 
circumstances. In that leading case contra Cunningham, the court 
decided that the providing of blood to patients did not constitute a sale. 
The court reasoned that a hospitalized patient seeks not products but a 
course of treatment leading to relief of illness. And, using a completely 
divergent but equally rational approach to the question of “risk as- 
sumption.” it found that the risks and dangers of hospitalization are 
balanced by the patient against the hoped-for benefit of being healed. 
The patient assumes the risk of this inherent “product defect” in ex- 
change for medical treatment. 

In several states, particularly where the Perlmutter” analysis was 
not followed, legislatures reacted to Cunningham” and its progeny 
with specific legislation intended to free hospitals from liability im- 
posed under this theory. In Illinois, for instance, such an act specifi- 
cally provides that the transplantation of any body part or tissue is the 
giving of a service and not the making of a sale and that strict liability 
theories do not apply.** This takes blood transfusions out of the ‘“prod- 
ucts” liability category. 

While this type of statute and the decision in Perlmutter’ does 
guarantee that the inherent risk in defective human tissue remains 
with the donee, those involved in transfusing and transplanting are 
still liable for ordinary negligence. In blood transfusion procedures, 
negligence is shown upon a demonstration that a practitioner failed to 
provide proper typing, proper procedures in drawing and mechanically 
transfusing the blood, and reasonably professional care in general.2° A 
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practitioner may also be negligent if he knew or reasonably should 
have known about inherent defects in the blood such as hepatitis. 

In the absence of a carefully worded statute or a Perlmutter-type 
decision, the transplant surgeon may be “strictly liable” for the trans- 
planted part in much the same way as those who transfuse blood. The 
Illinois legislature recognized this possibility when it made the State’s 
statute apply to transplantation of all forms of human tissue. The 
breadth of the surgeon’s “strict liability” is not clear, however. Cer- 
tainly, he would warrant that the tissue introduced is adequate for its 
intended use; has no latent or patent defects, whether known or know- 
able; is properly typed; and is laden with no disease, discovered or not. 
Hopefully, no court would conclude that the transplant surgeon must 
warrant that the tissue transplanted is capable of functioning and 
would actually properly respond once inside the donee. While this 
would be an extreme outcome, lack of technology and knowledge nec- 
essary to make this or any warranty is immaterial in “strict liability” 
matters.%° 

Although one case has suggested that theoretically the transplant 
surgeon’s representations and assurances give rise to a form of guar- 
antee upon which the patient may rely,*! this theory can only succeed 
if organ transplantation is defined as the sale of a product, and if the 
surgeon makes inappropriate statements to the patient. Wherever a 
statute or court decision precludes this result, the transplant surgeon, 
in consultation with his attorney, should be able to avoid any product 
type of liability by carefully weighing statements made to the patient, 
by refraining from charging the patient for the organ tissue (even if 
the charge only represents a “‘handling fee’’) apart from the bill for 
services and by taking other precautions. 


Transplantation as Experimentation 


All physicians have an obligation to use procedures, techniques, 
and regimens which conform to recognized standards of care. In order 
for a standard of care to be recognized, it must be used and/or ac- 
knowledged as acceptable by a significant minority of the practicing 
physicians in the specialty involved. The transplant surgeon, who al- 
most by definition operates on the leading edge of the continuum of 
acceptable current medical techniques, always risks probing beyond 
acceptable technique into an area which, at times, may be called ex- 
perimentation. The adventure with human heart transplants may 
have been such an incursion. Traditionally, courts have recognized 
that the physician who engages in experimentation, even if that ex- 
perimentation has a therapeutic animus, acts at his own peril. If a bad 
result is the consequence, the physician has probably committed mal- 
practice per se.” 

Without discussing applicable federal standards for human experi- 
mentation, the transplant surgeon would, under traditional concepts, 
be exposed to certain unusual liabilities, both real and theoretical. 
However, modern cases have failed to impose a strict standard where 
experimentation is involved. For instance, in Fortner v. Koch, the 
court held that any experiments must be conducted with the informed 
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consent of the patient and cannot vary too radically from accepted 
norms.** Other cases have supported this approach. This test is more 
realistic and should protect the transplant surgeon in practicing mod- 
ern medicine. Furthermore, even under the traditional law, a trans- 
plant surgeon probably is not liable, since most transplantations cur- 
rently performed are generally viewed as acceptable medical practice. 

In this, moreover, the transplant surgeon can effectively control 
his risk. While certain types of transplantation may be experimental 
when judged against today’s body of knowledge, the transplant sur- 
geon should assure himself that he operates from a medically justifi- 
able rationale held by a significant group of physicians. Precautions 
beyond this, based on the current state of the law with regard to ex- 
perimentation, do not appear necessary. 


CONCLUSION 


A patchwork of legal principles and protections currently envelops 
the law of organ transplant. At present, it appears that the transplant 
surgeon is adequately protected from those legal risks which are in- 
herent to his specialty, although he is not now, and probably never 
will be, protected from his own errors and omissions. Of course, in 
order to preserve this state of affairs, he must scrupulously observe a 
number of legal frameworks and strictures. This panoply includes pro- 
cedures contained in the Uniform Anatomical Gift Act, problems in 
obtaining informed consent, limitations on capacity of certain donors, 
and professional practice requirements. Most of these matters are sole- 
ly within the control of the transplant surgeon and, therefore, of 
serious concern only if he disregards them. His liability for a defective 
tissue is a problem to him only if a change of law causes a reversion to 
“common law” rules. 

This is not to say that this area of the law is not replete with ambi- 
guity. Most of the major vagaries are discussed above. Yet this ambi- 
guity is a mere reflection of the population’s uncertainty about moral, 
ethical, and societal values concerning death and dying, the right of 
minors and incompetents, and other issues. The law of organ trans- 
plantation can never be expected to be entirely clear until all these 
basic value judgments have been made. The law, after all, does not 
direct or form societal values; it only, and should only, reflect them. 
Laws have never successfully molded values or social behavior and 
have proved unenforceable when that was their purpose. The law of 
organ transplantation in its less than clear present form merely re- 
flects this social confusion and uncertainty. Problems in this area are 
best viewed in this light. 
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Symposium on Organ Transplantation 


Kidney Preservation 


Folkert O. Belzer, M.D.,* 
Robert M. Hoffman, B.S.,* 
and James H. Southard, Ph.D.+ 


The rapid progress in clinical transplantation in the last two dec- 
ades has greatly renewed interest in organ preservation. The develop- 
ment of an organ bank that allows access to complete organ inventory 
has fascinated scientists over the centuries. Although the notion of ar- 
tificial perfusion of organs was expressed by LeGallois more than 150 
years ago, optimum perfusion and preservation of organs remain a 
matter of extreme complexity. Since 1938 when Correll and Lindberg 
published “The Culture of Organs,” it has been clear that removal of 
an organ from the in vitro state initiates a cascade of drastic events. 
However, with advancing technology, continued physiological in- 
terests, and increasing clinical needs, considerable progress is being 
made in managing these events. As renal transplantation is now con- 
sidered a clinical, therapeutic modality, many investigators have stud- 
ied renal preservation extensively. In this article we briefly summarize 
the progress that has been made in this area and point out the limita- 
tions still existing today. 


HYPOTHERMIA — A BASIC PROBLEM 


Most experimental as well as clinical approaches to kidney storage 
have utilized hypothermia in varying degrees but, in general, above 
the freezing point. Hypothermic preservation has been extensively 
studied either alone or in combination with continuous perfusion. 
Cooling decreases the general metabolic demands of tissue and thus 
provides for a longer safety margin than is possible under normother- 
mic conditions. Unfortunately, hypothermia has many adverse effects 
and, at the present time, appears to be one of the major problems in 
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organ preservation. Hypothermia inactivates the sodium potassium 
pump which leads to cellular swelling, a condition which, if not coun- 
teracted, produces cellular destruction. Prevention of cellular swelling 
is, therefore, one of the main requirements in organ storage. 


Cellular Swelling 


Why does cell swelling occur? Although it is generally accepted 
that the extracellular and intracellular osmolarities are equal,* most 
cells exposed to low temperatures gain water.” *° The inside of the cell 
has a high protein content, a significant portion of which exists in the 
soluble state and therefore exerts oncotic pressure. The interstitial 
fluid bathing the cell, however, is relatively low in protein and there- 
fore water tends to enter the cell to equalize the pressure difference 
between the two compartments. The inside of the cell also consists of 
nondiffusible anions such as protein and organic phosphates. The 
presence of nondiffusible anions on one side of a semipermeable mem- 
brane sets up a Donnan equilibrium situation which results in a redis- 
tribution of ions that favors increasing the intracellular osmolarity 
with a concomitant redistribution of tissue water. Finally, the inside of 
the cell is electronegative relative to the outside and this orientation of 
the resting membrane potential prevents the accumulation of perme- 
able anions from the interstitial fluid. 

The tendency for cell swelling and ion equilibration has been stud- 
ied by numerous investigators,!® 21:22 and is due to the extracellular po- 
sition of sodium ions and the intracellular position of potassium ions. 
This situation is maintained by the active extrusion of sodium and up- 
take of potassium by the sodium pump located in the outer membrane 
of all cells. These pumps continuously extrude sodium from the cell 
interior as rapidly as sodium enters the cells by diffusion from a high 
extracellular to a low intracellular concentration. This pump mechan- 
ism is an energy-requiring transport mechanism. The active extrusion 
of sodium ions and uptake of potassium under normal conditions pro- 
duces a membrane potential in which the cell interior is relatively neg- 
atively charged as compared to the exterior, and this membrane poten- 
tial excludes small negatively charged ions such as chloride from 
entering the cell. In addition, the extracellular position of sodium ions 
counterbalances the oncotic effect of intracellular colloids. Thus, the 
sodium pump balances solute distribution and stabilizes the cell vol- 
ume. It is apparent that any condition which adversely affects the so- 
dium pump mechanism will result in cell swelling. 

How strong is this intracellular force producing both water and 
solute movement? Sophisticated studies by Grantham and coworkers" 
on isolated rabbit proximal tubular segments as well as our own stud- 
ies on dog kidney slices suggested a paradox. If kidney slices were in- 
cubated in Ringer’s lactate containing 12 per cent of albumin, no 
water gain was noted for up to four hours. If cell swelling was pre- 
vented by adding either mannitol or sucrose to the Ringer’s lactate, 
concentrations of 100 to 200 mM of these osmotically active but slowly 
permeable solutes were necessary. Thus, in the albumin medium 12 x 
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5.5, or 66 mm Hg, were sufficient to counteract cell swelling, whereas 
in the mannitol sucrose experiments 200 x 17, or 3400 mm Hg, were 
necessary. If the albumin experiments were extended to 24 hours, pro- 
gressive cell swelling did occur. 

One explanation for the large differences in osmotic force required 
to prevent swelling is that the mannitol or sucrose as opposed to al- 
bumin did permeate the cell membrane; however, our studies showed 
that this occurs slowly or not at all in four hours. A more reasonable 
explanation is that cell swelling occurs in two phases (Fig. 1). If the 
sodium pump is inhibited, the initial result is an exchange of sodium 
for potassium and a redistribution of ions according to the Donnan re- 
lationship. Thus, more sodium enters the cell than potassium leaves 
because of the nondiffusible anions present in the cell. In addition, the 
oncotic pressure of the internal proteins also pulls water into the cells 
resulting in some degree of swelling (Phase I). This force is relatively 
small and is probably about 40 to 50 mm Hg. The exchange of sodium 
for potassium eliminates the membrane potential of this cell mem- 
brane, thus reducing the barrier for the entry of the freely diffusible 
chloride ions. Chloride ions now enter the cell by diffusion to equalize 
the external and internal concentrations. In order to maintain electri- 
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Figure 1. Theoretical stages of 
cellular swelling. Major swelling oc- 
curs after membrane potential dis- 
appears allowing chloride and sodium 
to enter the cell. 
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cal neutrality sodium enters the cell, raising the internal osmotic pres- 
sure and resulting in a more advanced state of cellular swelling 
(Phase II). 

The fact that at hypothermic temperatures sodium enters the cell 
faster than chloride has also been demonstrated by Heckmann and 
Parsons. The presence of 12 per cent of albumin external to the cell 
counteracts both the oncotic pressure as well as the Donnan effect of 
intracellular proteins, and prevents, at least temporarily, the move- 
ment of sodium into the cell. The membrane potential is temporarily 
maintained and thus chloride will not enter the cell. Since mannitol or 
sucrose is not charged, the Donnan equilibrium is not balanced. Here, 
neither sodium nor chloride is prevented from entering the cell. If high 
concentrations of mannitol or sucrose are used, cell water can be 
maintained constant for some time. In these high concentrations, the 
extracellular osmotic pressure of mannitol or sucrose is sufficient to 
counteract the intracellular osmotic pressure irrespective of sodium 
and chloride diffusion into the cell. 

In successful organ preservation, maintenance of the membrane 
potential would then appear to be a major prerequisite. However, this 
appears to be extremely difficult without an active pumping mechan- 
ism to extrude positively charged sodium ions in exchange for potassi- 
um ions. The effect of hypothermia on cation transport depends not 
only on the animal species but also on the specific organ. Cation trans- 
port is more resistant to cold in tissues of hibernating animals than in 
tissues of nonhibernating animals.*” This persistence of active ion 
transport is fundamental to survival during hibernation for long 
periods at low temperatures. Previous studies from our laboratory have 
shown that active cation transport in canine kidney tissue is more re- 
sistant to hypothermia than that in canine liver or heart tissue.”* Al- 
though some cation transport is still present at 10° C in canine and 
human kidneys, it is insufficient to maintain normal water and solute 
concentration of the cell. 

If, however, cell water can be maintained by a very high but non- 
lethal concentration of substances such as mannitol, glucose, or su- 
crose, why then are these substances not acceptable for long-term 
storage of organs by perfusion? The problem here is that these sub- 
stances, although poorly diffusible, will diffuse in time into the cell 
(Fig. 2). This produces two problems. First, progressive increase in in- 
tracellular osmolarity during perfusion might produce detrimental ef- 
fects. Second, and perhaps more important, severe harmful effects will 
occur after reimplantation of these organs following the period of 
storage. If, during the preservation period, these cells have slowly ac- 
cumulated an appreciable amount of osmotically active substances, 
such as mannitol, the intracellular osmolarity will be very high at the 
end of the storage period. On implantation of these organs, these cells 
are now subjected suddenly to a normal extracellular osmolarity 
which is relatively hypotonic to the intracellular osmolarity. The sodi- 
um pump may not be immediately functional, especially if ATP levels 
are low, and thus accumulated sodium cannot be rapidly extruded. 
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Figure 2. Total tissue water, 
mannitol, and inulin distribution 
during isolated perfusion. Manni- 
tol space is always higher than 
inulin space. 
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Furthermore, the accumulated intracellular mannitol cannot be me- 
tabolized and also is extruded slowly. This high intracellular osmo- 
larity will result in disastrous cell swelling. Swelling of the endothelial 
cells may prevent reinstitution of normal blood flow to the organ, 
which by itself will lead to warm anoxia. Cell swelling of the paren- 
chymal cells will also involve the mitochondrial cells resulting in 
structural and functional derangements. Thus, although the organs 
may have been essentially viable at the end of the storage period, de- 
struction of multiple components will occur on reimplantation (Fig. 3). 

In order to improve organ preservation, understanding of these 
basic metabolic processes may allow future beneficial modifications. 
Although maintenance of normal intracellular volume appears to be a 
prerequisite for successful organ preservation, many other physiologi- 
cal and biochemical parameters may need to be controlled. For in- 
stance, there is good evidence that cellular and subcellular mem- 
branes of organs of homeotherms in contrast to those of poikilotherms 
and hibernators respond to hypothermia by transition from a liquid 
crystalline state to a solid gel state in the lipid portion of the mem- 
brane.2’ These changes disrupt the activity of enzymes which are 
bound to membranes resulting in a metabolic imbalance and possible 
irreversible injury with time. 

The advanges, limitations, and underlying metabolic and physio- 
logic defects of the two most common methods of experimental and 
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clinical renal preservation, simple hypothermic storage and continu- 
ous perfusion, will now be discussed. 


Simple Hypothermic Storage 


Simple hypothermic storage of cadaver kidneys has been used ex- 
tensively and is an excellent method for clinical transplantation. Its 
obvious advantages are its simplicity and low cost. After the kidney is 
removed from the cadaver donor, it is usually flushed with a chilled 
solution to accomplish rapid cooling, and it is then stored at a temper- 
ature between 2 and 4° C until transplantation. Until 1969, most kid- 
neys were flushed out with cold saline or Ringer’s lactate solution and 
stored in this same medium. In 1969, however, Collins et al.!° reported 
that if dog kidneys were removed under optimum conditions without 
warm ischemia and were flushed out with what was called intracellu- 
lar solution, these kidneys would function immediately after transplan- 
tation after being stored for up to 12 hours, a period now extended 
safely up to 24 hours by clinical application. These authors advocated 
using a flush-out solution which was high in potassium and low in 
sodium, thereby preventing loss of cellular potassium by elimination of 
cation concentration gradients between intracellular and extracellular 
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compartments. Subsequent studies from our own laboratory" as well 
as others have shown that the beneficial effects of intracellular wash- 
out solutions are not primarily due to the high potassium concentra- 
tions, but are actually the result of the presence of high concentrations 
of nonionic (glucose) and ionic (magnesium sulfate) substances which 
are poorly permeable, osmotically active, and which, therefore, pre- 
vent cellular swelling. 

The detrimental effects of even brief periods of warm ischemia in 
this type of renal preservation should be emphasized, however, even if 
the intracellular type of solution is used. Several investigators!” 3 3! 
have shown that if dog kidneys were subjected to 20 minutes of warm 
ischemia, these organs were able to provide only marginally life- 
sustaining function after 24 hours of preservation by simple hypother- 
mic storage. Sacks,”® using a more hyperosmolar solution, published a 
report describing successfully stored dog kidneys subjected to 30 min- 
utes of warm ischemia for 48 hours by simple hypothermic storage. 
However, these studies have not been confirmed by other investiga- 
tors. 

Recent studies from our laboratory clarified some of the mechan- 
isms involved in kidney failure during simple hypothermic storage.*” 
This included analysis of high energy compounds and their precursors 
(total adenine nucleotides) as well as the functional integrity of the 
mitochondria at various times during storage. The mitochondria are 
the power plants of the cell; therefore, preservation of their anatomical 
as well as biochemical activity during preservation and, even more im- 
portantly, after the implantation of the organ, is essential to cell viabil- 
ity. Both mitochondrial structural and functional integrity can be pre- 
served by high intramitochondrial levels of adenine nucleotides.” 
During cold storage under anaerobic conditions the total adenine nu- 
cleotide level of the cell decreases, and a point is reached where the 
mitochondrial level of adenine nucleotide is also reduced. These 
changes are markedly accelerated if the cell has been subjected to a 
relatively short period of warm ischemia. Once the mitochondrial level 
of adenine nucleotides is reduced below a certain level, the mitochon- 
dria undergo structural and/or functional alterations that result in un- 
coupling of the respiratory chain. The uncoupling is reversible by 
adenine nucleotides, but at some point the level of adenine nucleotides 
is so low that the mitochondria become irreversibly uncoupled. This 
condition is lethal to the cell and, thus, to the survival of the organ. 

In conclusion, simple hypothermic storage is an acceptable clini- 
cal method of renal preservation. Ideally, the kidney should be ob- 
tained from the so-called heart-beating cadaver to avoid warm ische- 
mia. Immediately after nephrectomy, the kidney should be flushed out 
with a cooling solution containing adequate concentrations of poorly 
permeable substances such as glucose or mannitol to prevent cellular 
swelling. In this method of storage, maintenance of cellular water is 
not the main problem, but maintenance of mitochondrial functional 
integrity is time-limited. 
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Continuous Hypothermic Perfusion 


The second method of renal preservation is by continuous, usually 
pulsatile, hypothermic perfusion. Since its introduction to clinical 
renal transplantation in 1967,"2 it is now widely used in the United 
States but less so in Europe. With minor variations, most perfusates 
used in continuous perfusion contain albumin for oncotic pressure, 
electrolyte concentrations resembling extracellular fluid, substrates for 
aerobic metabolism such as fatty acids, and osmotically active but 
poorly permeable substances such as glucose and mannitol.® * '** 
Preservation by this method has allowed storage of both animal and 
human kidneys for up to 72 hours even if the organ was subjected to a 
period of warm ischemia... Pulsatile preservation has made cadaver 
renal transplantation a semi-elective procedure except for donor 
nephrectomy.‘ It has also allowed viability testing prior to transplanta- 
tion so that no nonviable kidneys are transplanted.°® 

The disadvantages of this preservation method are its greater com- 
plexity and the need for paramedical personnel.* In general, this meth- 
od of preservation is used by larger transplant centers where the 
higher costs and complexity of this method of storage are well com- 
pensated by the logistical advantages. Unfortunately, at present, 
preservation by pulsatile perfusion cannot be extended consistently 
beyond three days. In addition, progressive damage occurs even dur- 
ing the initial three days, the exact nature of which is still not under- 
stood. 

Perfusion storage is aerobic, and mitochondrial integrity is much 
less disturbed by this method as compared with simple cold storage. 
Studies from our laboratory have shown that mitochondrial integrity is 
maintained for up to three days of storage, and the respiratory chain 
remains fully coupled. However, because perfusion storage is done 
under hypothermic conditions, maintenance of tissue water remains 
one of the problems. Most kidneys slowly gain weight during pulsatile 
perfusion, which is probably due to both extracellular and intracellular 
volume expansion. Figure 3 shows total water gain as well as inulin 
and mannitol distribution during three days of hypothermic perfusion 
with cryoprecipitated plasma. Inulin has been widely utilized as an 
extracellular marker. Notice that the mannitol space increases to a 
greater extent than does the inulin space, strongly suggesting that 
mannitol slowly but progressively enters the intracellular compart- 
ments. 

The permeability of mannitol or glucose has two detrimental ef- 
fects. During storage the intracellular mannitol will slowly but pro- 
gressively eliminate the osmotic gradient between the extracellular 
and intracellular space and, thus, progressive intracellular water gain 
will result. Even greater destruction occurs on reimplantation as was 
outlined previously. 

Although maintenance of cell water is obviously an important as- 
pect of perfusion, multiple unknown factors may play an important 
role. Although perfusion allows the addition of exogenous substrates 
for aerobic metabolism, the kidney appears to utilize preferentially en- 
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dogenous substrates.'®* ”* Utilization of endogenous lipoproteins may re- 
sult in destruction of intracellular organelles and cell membranes 
which, if progressive with time, might produce cell dysfunction. A 
more complete understanding of hypothermic metabolism is greatly 
needed. 

Why are improvements of organ preservation desperately required? 
If clinical transplantation is to progress and grow, improvements must 
be made in many areas of this complex field. The availability of a suf- 
ficient number of viable organs and the ability to store these organs 
successfully for the required time are the foundations on which the 
entire field of transplantation is based. In the late 1960’s when both 
pulsatile preservation and improved methods of cold storage were in- 
troduced, tissue typing for the HLA antigens was thought to be of 
great importance for optimum cadaver graft survival. Ten years ago, 
24 to 48 hours of renal storage was thought to be all that was necessa- 
ry for clinical renal transplantation. Although the importance of 
matching for the serological defined antigens of the HLA system in 
unrelated donors is still widely debated, the correlation between pros- 
pective matching for these antigens and subsequent graft survival has 
been disappointing in clinical transplantation.’ 

In addition to the SD antigens, other determinants controlled by 
genes of the HLA complex have been identified, including the LD an- 
tigens. It is clearly established that matching for the entire HLA com- 
plex has marked beneficial effects on kidney allograft survival. This 
evidence is from the finding that siblings who have inherited the same 
HLA haplotypes from their parents and thus are identical for HLA-A, 
-B, -C, and -D loci showed 90 to 95 per cent long-term kidney allograft 
survival. Thus, the problem is posed: Which determinants coded for by 
genes of the HLA are the important ones in the rejection process in 
unrelated donors? Evidence has accumulated in the last few years 
using the mixed leukocyte culture tests in both animal species’® *> and 
man® » 34 that strongly supports a beneficial role for matching for the 
HLA-D complex in terms of improving allograft survival. Matching for 
the HLA-D complex has not been previously applied prospectively in 
cadaver kidney transplantation since the tests are too time consuming 
to be done within the time available by present kidney preservation 
techniques. If preservation methods are developed which would allow 
successful storage for one to two weeks, it would be possible to pro- 
spectively match unrelated donor-recipient pairs for multiple factors. 
Based on experimental studies in animals as well as retrospective 
studies in man, the combination of improved preservation and newer 
methods of donor-recipient matching should markedly improve the re- 
sults of cadaver renal allografting, a goal that has not been achieved 
in the past 10 years of clinical renal transplantation. 
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Symposium on Organ Transplantation 


Status of Renal Transplantation Today 


G. Melville Williams, M.D.* 


Ten years ago, transplant surgeons anticipated soaring success 
rates in transplantation, which was to be brought about by the appli- 
cation of new technologies. These included histocompatibility match- 
ing, organ preservation, and improved immunosuppression with anti- 
lymphocyte globulin. However, each advance was countered by 
unanticipated difficulties. Histocompatibility matching has proved to 
be practical only for major ABO blood groups, for the histocompatibi- 
lity system in man is so complex that a perfectly matched transplant 
from an unrelated donor is virtually impossible to obtain. While organ 
preservation has unquestionably provided a tool enabling the transport 
of an organ from one center where it cannot be used to a center where 
it can be used, complicated technology has provided another avenue 
for error. Finally, antilymphocyte globulin is still unavailable, and 
centers must either manufacture this material itself or enter into a 
protocol study. Sufficient conflict exists about its usefulness that only 
35 per cent of transplant centers canvassed thought it to be of clinical 
importance.° 

The effect of withholding blood transfusions in order to avoid sen- 
sitizing prospective transplant patients was even more ironic. Reports 
from many centers throughout the world have shown without excep- 
tion that the nontransfused patient has a significantly greater frequen- 
cy of transplant rejection than the patient who has received transfu- 
sion. This result was initially hotly contested; currently several 
explanations exist, but none is accepted by all transplant immunolo- 
gists. 

Thus, renal transplantation has become more rather than less 
complicated. It has also become very active clinically, for it has fre- 
quently fallen to the lot of the transplant surgeon to provide vascular 
access for hemodialysis. This procedure has become so common as to 
be the most frequently performed single operation in one University 
Medical Center. Where are we, and where are we going in clinical 
renal transplantation are very good questions. 


*Professor of Surgery, Johns Hopkins University School of Medicine; Surgeon-in-Charge, 
Division of Transplantation and Vascular Surgery Service, Johns Hopkins Hospital, 
Baltimore, Maryland 
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THE TRANSPLANT RECIPIENT 


There are virtually no rules excluding patients with end-stage kid- 
ney disease from being recipients of kidney transplants at the present 
time. Neither age nor pre-existing serious systemic diseases are con- 
traindications to transplantation. Severe diabetes mellitus, collagen 
vascular disease, disorders of metabolism, persistent hepatitis B an- 
tigenemia, tuberculosis, and cancer, provided there exists a sufficient- 
ly long disease-free interval, no longer consign patients to dialysis or 
death. While patients with these disorders are not good candidates for 
transplantation, they are worse candidates for chronic maintenance 
hemodialysis. This fact is a tribute to the improved surgical technology 
and postoperative management applied in transplantation. 

Considerable thought has gone into the immunological evaluation 
of patients prior to transplantation, for it has been well recognized that 
chronic renal failure itself impairs immunological responses. Some pa- 
tients on hemodialysis who received blood transfusions made antibody 
to human antigens whereas others did not. Several studies suggested 
that this ability to respond to blood transfusions separated patients 
who had a higher probability of rejecting transplants from those who 
did not. This suggestion has been contested by other centers which have 
provided data showing no difference in the outcome of patients possess- 
ing antibody and those not possessing antibody.* 11 These results were ob- 
tained by applying more sensitive techniques for the detection of antibody 
reacting to potential donor antigens. Thus, it appears that if sensitive pre- 
transplant testing shows no antibody to the donor, results are similar 
whether or not the recipient has antibody reacting to other human 
lymphocytes. Most centers collect serum from potential recipients 
monthly and save all samples which display unique antibody reactivity 
on testing. The sera selected in this fashion are all tested against the 
prospective donor, and if any serum reacts positively, a transplant is 
sought from another donor. 

More recent studies testing the ability of dialysis patients to make 
a new delayed hypersensitivity response to dinitrochlorobenzene 
(DNCB) showed a highly statistically significant difference in the sur- 
vival of transplants placed in patients who could and those who could 
not respond to DNCB.° Seventy-eight per cent of nonresponders and 29 
per cent of responders had successful graft function at one year. One 
might expect a higher patient mortality in individuals whose cellular 
immune responses were impaired prior to the administration of im- 
munosuppressive agents. This was not the case with DNCB reactivity. 
However, patients who not only fail to react to DNCB, a new antigen, 
but fail to have any recall responses to antigens such as mumps, tu- 
berculin, coccidioidin, etc., did have a high mortality following trans- 
plantation. If confirmed, this very simple means of testing may pro- 
vide a way of assessing prior to transplantation the immunosuppressive 
requirements of the transplant patient. 
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OPERATION 


The transplant operation has become standardized. The iliac ves- 
sels of the recipient are exposed retroperitoneally through an oblique, 
lower quadrant incision. The iliac arteries and veins are mobilized and 
great care is taken to ligate all lymphatic tissue that is divided in order 
to prevent lymphoceles. The renal vein is anastomosed end-to-side to 
the iliac vein and the renal artery anastomosed either end-to-end to 
the hypogastric artery or end-to-side to the common or external iliac 
artery, depending upon the size and length of the renal artery and the 
presence or absence of arteriosclerosis in the recipient. When multiple 
arteries exist, a cuff of aorta which includes both vessels should be 
anastomosed end-to-side to the iliac vessels. However, if perfusion 
cannulae have been inserted into each of the renal arteries and tapes 
applied to hold these cannulae in place for long periods of time during 
preservation, it is better to sacrifice the aortic cuff and anastomose the 
vessel individually. The development of stenosis at the point of tape 
compression has been well demonstrated. Thus, as a general rule, no 
portion of renal artery in contact with a cannula should be left with 
the transplanted kidney (Fig. 1). 

While a few centers still prefer to perform a recipient ureter to 
donor ureter or renal pelvis anastomosis, most centers perfer uretero- 
cystostomy as the method of re-establishing urinary continuity. The 
advocates of the latter procedure employ a submucosal tunnel and 
careful suturing of the ureter to the area of the trigone of the bladder 
using fine, absorbable suture material. Should this connection fail, the 
recipient’s ureter can be anastomosed to the donor’s renal pelvis as a 
secondary procedure. However, if this procedure is carried out primar- 
ily and fails, there is no other reliable secondary procedure available 
other than excision of the transplant. 


Figure i. Progressive arterial narrowing caused by perfusion cannulae. A, Appearance 
at six weeks showing some irregularity of the proximal renal arteries. B and C, Selective in- 
jections of upper and lower arteries at 18 weeks demonstrating a 70 per cent stenosis of the 
former and 90 per cent of the latter. (From Ricotta, J., Schaff, H., Williams, G. M., et al.: Renal 
artery stenosis following transplantation: Etiology, diagnosis and prevention. Surgery, in 
press, with permission.) 
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The importance of avoiding wound or peritransplant infections 
cannot be overestimated. All surgeons employ thorough irrigation of 
the retroperitoneum with antibiotic solutions. In addition, we advocate 
irrigation of the defunctionalized bladder with antibiotic solution, leav- 
ing 100 ml in the bladder prior to transplantation. The role of pre- 
operative and postoperative antibiotics is contested, but we favor the 
use of intravenous Keflin given prior to transplantation and for the 
first 48 hours following transplantation 

Removal of the patient’s diseased kidneys has become less com- 
mon than it was in the past. Two principal indications for this proce- 
dure are hypertension and infection. The small kidneys can be conven- 
iently removed by a celiotomy, and this is the preferred approach in 
patients over 45 years of age and in those with a prior history of gas- 
trointestinal disease because it provides a means of exploring the ab- 
domen thoroughly prior to performing the transplant. In younger pa- 
tients, we prefer to employ a retroperitoneal approach with the patient 
in the prone position. Incisions are made over the 12th rib, and the 
12th rib is removed subperiosteally. Gerotas’ fascia is entered at about 
the midpoint of the 12th rib and the kidney mobilized from the peri- 
nephric fat. Total ureterectomy is seldom performed and then only for 
instances of massive reflux. 


CLINICAL COURSE FOLLOWING TRANSPLANTATION 


Management is far simpler in patients having postoperative diure- 
sis, for all that is really necessary is to keep pace with the obligatory 
loss of fluid which results from the excessive load of urea, and other 
byproducts of metabolism that are in the circulation of patients with 
renal failure. The volume of urine excreted each hour is replaced with 
an equal amount of 5 per cent dextrose and 0.45 per cent saline for at 
least 12 hours following transplantation. Provided that diuresis is in 
excess of 500 cc per hour and there are substantial falls in BUN and 
creatinine, volume replacement may be tapered to three-fourths of the 
preceding hour’s output. Under this form of treatment, diuresis gradu- 
ally subsides and more normal hourly outputs of urine are obtained. It 
must be emphasized, however, that a precipitous decline in replace- 
ment therapy may alter renal hemodynamics in such a fashion as to 
convert diuresis or the polyuric form of acute tubular necrosis to se- 
vere oliguria. 

Confronted with a patient who is oliguric immediately upon return 
to the recovery area, the judicious use of diuretics and hydration are 
advocated. It is extremely common to have patients enter surgery with 
a central venous pressure of 8 to 10 cm of water and have them return 
to the recovery area with a central venous pressure of 0, even in the 
absence of diuresis. The reason for this is still obscure. However, 
using the central venous pressure as a gauge of hydration, albumin 
and saline infusions in equal proportions are begun at 300 ml per hr 
until the central venous pressure reaches at least 5 cm of water. At 
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this point, the patient is given 25 gm of mannitol and 40 mg of furo- 
semide. If no urinary output is obtained, fluid administration is re- 
duced to maintenance levels of 30 cc of 5 per cent dextrose per hour. 

Two noninvasive techniques have proved to be important in es- 
tablishing the cause of postoperative oliguria. The perfusion phase of 
the renal scan provides accurate information regarding the presence 
or absence of anastomotic difficulties. Information may also be ob- 
tained about the presence or absence of ureteral obstruction, for in the 
presence of good renal function a distended renal pelvis and ureter are 
visualized. Sonography provides an estimate of the size of the renal 
calices and pelvis. In addition, fluid-filled cavities which can cause 
ureteric compression may be found. It is simple to aspirate these areas 
under sonographic control, relieve pressure phenomena, and assay 
samples for urea nitrogen and creatinine. Accordingly, it is our prac- 
tice to obtain a perfusion scan and sonogram within 24 hours follow- 
ing surgery in every patient who experiences postoperative anuria or 
oliguria. These studies are repeated at weekly intervals and provide 
monitors for the presence or absence of rejection, infection, fluid col- 
lections such as lymphoceles, and urinary tract obstruction. Having 
established the cause of oliguria, intelligent management is now possi- 
ble. 

It is our practice to remove all indwelling catheters 48 hours after 
surgery. At this time, most patients have stopped draining from closed 
suction catheters placed in and around the transplant, are able to void, 
and take oral fluids without any problem. Ambulation is begun and 
isolation measures are withdrawn. The need even for 48 hours of isola- 
tion has been contested, but we feel this to be important as long as 
these immunosuppressed patients have wound and central venous 
pressure catheters. Not only does it protect patients from contamina- 
tion prevalent in busy nursing areas, but also protects personnel from 
the risks of hepatitis so commonly carried by the dialysis population. 


IMMUNOSUPPRESSION AND REJECTION 


While much has been learned about the immune response in the 
past 10 years, little is known regarding the engineering of the immune 
response to enhance those negative feedback loops which specifically 
suppress reactions against the transplant. There remain three general 
categories of agents used clinically. The first broad category includes 
modalities of treatment which rather nonspecifically reduce the 
number of antigen reactive cells. Antilymphocyte serum or globulin 
(ALG), whole body radiation, and thoracic duct drainage are the three 
principal methods for reducing reactive lymphocytes. To be maximally 
effective, these agents must be employed prior to transplantation. 
Whole body radiation is now no longer used because of the low thera- 
peutic index. Several centers utilize chronic thoracic duct drainage re- 
turning the fluid lymph to the patient while removing the lympho- 
cytes. Hard evidence demonstrating that this is an effective 
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immunosuppressive regimen is difficult to obtain, for the procedure is 
commonly employed only in patients who have already experienced 
great difficulty with transplant rejection. Thus, ALG is the only agent 
in the first category that is widely used. 

The second category of agents are drugs known to interfere with 
proliferating cells. Experimentally, these agents may be given before 
or after transplantation with equally good results. Azathioprine (Imuran) 
and cyclophosphamide (Cytoxan) both fall into this category. Imuran is 
the most commonly employed antisuppressive agent, but Cytoxan can be 
interchanged. Both are given in relatively small amounts clinically, 2 mg 
per kg representing the average daily dose. Some centers advocate the 
use of double doses during the first 3 to 4 days following transplantation, 
whereas others maintain a consistent dose throughout the early course 
of transplantation, hoping to avoid peaks and valleys in the peripheral 
leukocyte count. No objective studies discriminate between these two 
alternatives in the prevention of rejection. 

The third category of immunosuppressive agents includes one vi- 
tally important drug, prednisone. While successful transplants can be 
carried out without using Imuran and ALG, it is doubtful that a single 
cadaver transplant would be successful without prednisone. The vital 
mechanism of action of prednisone is still unknown, probably because 
this agent has so many possible mechanisms attenuating the rejection 
process. Prednisone is known to stabilize cell membranes, inhibit pha- 
gocytosis — the adherence of neutrophils to damaged endothelium — 
and kill lymphocytes (although this mechanism is debated in man). 
While highly effective in the treatment of acute rejection crises, pred- 
nisone or its intravenous counterpart, methylprednisolone, is a treach- 
erous agent, concealing its side effects for many days or weeks. We 
have come to believe that just as individuals may receive a finite 
amount of radiation before succumbing, so they receive a finite 
amount of prednisone before this too becomes lethal. We have adopted 
two rules of thumb which are helpful in reducing the side effects of 
prednisone: no patient should receive more than 10 gm of methylpred- 
nisolone and no patient should receive more than 60 mg of prednisone 
daily for time periods longer than 30 days. 

With this background in the action of immunosuppressive drugs, it 
is now important to review the types of rejection experienced clinically 
in order to determine which drugs are most appropriate treatment for 
the various types of rejection. Transplant surgeons have classified re- 
jection as to its time of onset following transplantation. 


Hyperacute Rejection 


Hyperacute rejection occurs within hours after transplantation. It 
is caused by antibody present in the circulation of the recipient which 
acts upon antigens present in the donor kidney, chiefly those on vascu- 
lar endothelium. Complement is activated together with the coagula- 
tion system, and the vasculature of the kidney is destroyed rapidly. 
Biopsies taken at the close of the transplant procedure disclose a spe- 
cific pathologic finding, the presence of polymorphonuclear leukocytes 
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within all blood vessels of the transplanted organ including glomeruli, 
peritubular capillaries, and ureteric capillaries and venules.’ The poly- 
morphonuclear leukocytes signal the interaction of antibody and com- 
plement reacting with vascular endothelium, and while scattered poly- 
morphonuclear leukocytes are commonly seen in glomerular capillary 
loops after cadaver transplantation, the presence of large numbers of 
these cells in pertibular capillaries predicts antibody-mediated rejec- 
tion. 

While occasional grafts may survive this catastrophic form of re- 
jection if the patients are treated with heparin, we feel this is a dan- 
gerous course to follow. Recipients of kidneys undergoing this type of 
rejection are systemically ill with fever, leukopenia, and thrombocyto- 
penia. The latter two problems are manifestations of consumption of 
leukocytes and platelets by the transplanted kidney. Severe consump- 
tion coagulopathy leading to death has been reported." Therefore, pa- 
tients with this type of rejection should undergo transplant removal as 
soon as the perfusion scan, sonogram, and other diagnostic tools have 
excluded other reasons for anuria and sytemic toxicity. 


Accelerated Rejection 


The term accelerated rejection has been applied to rejection crises 
occurring from the second to the fifth day following transplantation. 
The clinical course of these patients is characterized by good renal 
function for the first two days after transplantation followed by 
abrupt decline in perfusion by scan, and the absence of urinary tract 
obstruction by scan and sonogram. Various centers have reported 
widely different frequencies for this form of rejection and success in 
managing it. It now seems fairly clear that centers employing large 
doses of ALG rarely experience this type of rejection, whereas it may 
occur as frequently as in 5 per cent of transplants carried out without 
ALG. Because of the rapidity of the rejection process, most would 
agree that it represents a secondary response to the antigens present 
in the donor kidney. Since the secondary response is difficult, if not 
impossible, to control experimentally with immunosuppressive agents, 
it is unlikely to be controlled in this clinical setting. At present, we 
advocate the infusion of 1 gm of methylprednisolone for three success- 
ive days. If there is no improvement in urinary output and if glomeru- 
lar filtration becomes progressively poorer with each successive day, 
further attempts at suppression are abandoned and the kidney is re- 
moved. 


Acute Rejection 


Acute rejection is by far the most common form of rejection. Al- 
though much has been written about the early detection of acute re- 
jection, no tests are as useful as the daily determination of BUN and 
creatinine. To this date, sophisticated tests monitoring the immune re- 
sponse between donor and recipient are sufficiently complicated or re- 
quire such large volumes of blood that they are impractical on a daily 
basis. Yet, this form of rejection is acute, making daily monitoring a 
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necessity. Many centers have reported a vast reduction in this form of 
rejection with the use of ATG or ALG." In a carefully controlled study, 
very small dosages of ATG given during the first week following trans- 
plantation virtually eliminated acute rejection crises occurring during 
the first month. However, at the end of one year, transplantation suc- 
cess was identical in the treated and untreated group, largely because 
rejection had been deferred until the patient had been discharged from 
the hospital. This study emphasizes the effectiveness of ATG while at 
the same time points out the need to employ this agent for longer 
periods of time. Patients need to be monitored more closely when they 
are outpatients. 

Roughly 90 per cent of all rejection crises can be controlled by in- 
creased dosages of prednisone or methylprednisolone. Some centers 
advocate daily intravenous infusions of Solu-Medrol for 3 to 5 days. 
Others employ increased amounts of oral prednisone, giving as much 
as 200 or 400 mg the first day of the rejection crisis and tapering this 
dosage gradually to maintenance levels. Considerable experience with 
both of these techniques indicates to us that these methods are in- 
terchangeable. Most acute rejection crises are reversed and renal 
function returns to normal levels 10 to 14 days later. 


Chronic Rejection 


Chronic rejection is a term applied to slow and progressive de- 
terioration of renal function, having its onset months to years follow- 
ing grafting. Significant proteinuria and the nephrotic syndrome ac- 
company this form of rejection. It is frequently difficult to distinguish 
chronic rejection from recurrent glomerulonephritis, for in many cases 
even the histologic picture is obscure, showing features of both rejec- 
tion and glomerulonephritis. Pulse steroid therapy, local irradiation, 
and ALG have little effect on the course of this rejection. At times, an 
increase in the daily dose of Imuran may stabilize renal function but 
seldom returns it to baseline levels. Some transplants may last several 
years with very slow deterioration, whereas others lose function in a 
month or two. We advocate preparing the patient for a secondary 
transplant when creatinine levels reach 4 mg per 100 ml. 

It is necessary to comment about two additional modes of therapy 
employed to treat rejection clinically, heparin and local irradiation to 
the transplanted kidney. No good data exist supporting the use of 
these agents in the management of rejection. Yet, each transplant sur- 
geon has witnessed instances where patients having received their 
maximum amount of steroid and Imuran continue to display evidence 
of rejection, and this process is controlled using either heparin or local 
irradiation or sometimes both. Perhaps the rejection was about to 
abate before therapy. Control studies are needed, particularly with re- 
gard to heparin, for it may produce serious complications. 

The role of histological evaluation of rejection in planning therapy 
of patients remains highly controversial. Some centers perform needle 
biopsies of transplants routinely and alter immunosuppressive therapy 
according to their findings. Others, and this observer must be included 
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in this group, have performed studies in which all transplants were 
biopsied 1, 6, and 12 months following transplantation, irrespective of 
the presence or absence of rejection. The data obtained from these 
studies are quite sobering, for even normally functioning grafts display 
many of the stigma associated with rejection, and pathologists skilled 
in renal disease are unable to predict the level of function of the graft 
from the appearance of the histologic section. It is our impression that ° 
virtually every biopsy carried out during the first several months fol- 
lowing transplantation will show evidence of rejection, and if therapy 
were given on the basis of histologic findings, virtually all patients 
would be treated. Thus, while the histologic picture of hyperacute re- 
jection and some forms of chronic rejection are quite characteristic, 
there are many histologic patterns associated with severe acute rejec- 
tion. In the face of rapid deterioration of renal function, the histologic 
pattern associated with the worst prognosis is that of a kidney demon- 
strating intimal necrosis of arterioles and very few interstitial mono- 
nuclear cells. In the absence of vascular injury, which can be very sub- 
tle, a transplant has a good prognosis despite the presence of large 
numbers of infiltrating cells. 


INFECTION IN THE TRANSPLANT PATIENT 


Infection remains the most common cause of death in the trans- 
plant patient, although the incidence is drastically less than it was 10 
years ago. Furthermore, most patients dying of infection today rarely 
do so because of the inability to control a single bacterial infection.’ 
While we have experienced a remarkable decline in wound infections, 
perinephric infections, bacterial and fungal pneumonias, and septice- 
mia from unknown sources, we have an increased frequency of signifi- 
cant viral infections, chiefly cytomegalovirus infection.” 

Precautions le to avoid contamination at the time of surgery 
have been highly effective in preventing bacterial contamination. Cul- 
tures of the urine made three times a week allow us to detect signifi- 
cant bacterial colonization and provide effective antibiotic therapy 
prior to the development of significant systemic infection. The use of 
sonography to detect perinephric collections of fluid and the prompt 
aspiration of these fluid collections have afforded the opportunity of 
either prompt drainage of contaminated pockets or the removal of fluid 
that could be the source for blood stream contamination secondarily. 
Bacteriologic monitoring of the patient is sufficiently good in modern 
practice to enable us to withhold antibiotics in patients with unex- 
plained fevers, which we believe to be important in reducing the pos- 
sibilities of colonizing these hospitalized, suppressed patients with 
antibiotic-resistant bacteria. 

However, a syndrome characterized by fever and luekopenia, un- 
explained by alterations in immunosuppressive treatment, afflicts 
nearly half of our transplant recipients. Virtually all of these patients 
have clear-cut evidence of cytomegalovirus infection, and some pa- 
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tients failing to manifest this syndrome also have evidence of this in- 
fection. In severe cases, renal and liver function abnormalities are 
also present, and in the most severe form, pneumonitis with a marked 
decline in arterial PO, is also present. The epidemiology and patho- 
genicity of various forms, primary or secondary, of cytomegalovirus in- 
fection are being studied extensively today. The best available evi- 
dence’ suggests that: (1) humoral antibody is not an important defense 
mechanism against this virus; (2) the primary infection in an immuno- 
suppressed patient is serious, further suppressing the individual’s im- 
mune responses, and is frequently associated with pneumonia, second- 
ary bacterial infection, and death; and (3) the reactivation of a 
pre-existing infection, the secondary form, is associated with a rela- 
tively trivial febrile illness but with enhanced immune reactivity. The 
immunosuppressive management of these patients depends upon fore- 
knowledge regarding their antibody levels and is more an art than a 
science at the present time. 

Hepatitis B viral infections are not as formidable as once thought. 
However, there is conflicting data at the present time regarding both 
the seriousness of the hepatitis B carrier state followed by renal trans- 
plantation and the de novo development of hepatitis B. In our experi- 
ence, patients with non-A, non-B viral hepatitis, perhaps cytomegalo- 
virus hepatitis, fare worse than patients with the more traditional and 
common form of viral hepatitis. 

Fungal infections are still a problem in management but early 
diagnosis on the basis of aggressive biopsies of pulmonary lesions and 
lumbar punctures have led to the successful treatment of many pa- 
tients even though they remain on immunosuppressive drugs. 


RESULTS 


Transplants obtained from a HLA-identical sibling are sustaining the 
life of the recipient five years after transplantation 90 per cent of the time. 
Transplants from parent to child or child to parent or between siblings 
sharing one haptlotype have a 55 per cent chance of sustaining life five 
years later. Transplants from cadaveric donors have a 36 per cent five 
year success rate. These figures provide a persuasive argument for the 
importance of genetic similarity as a major determinant of transplant sur- 
vival. 

However, technical problems including acute tubular necrosis or 
even nonviability of the graft rarely occur in transplants taken from 
related living donors, whereas they are occurring with increased frequen- 
cy in cadaveric transplants. There are increasing numbers of needy 
patients and surgeons, including ourselves, taking greater chances trans- 
planting organs with questionable or borderline viability. To illustrate 
this problem, the Southeastern Organ Procurement Foundation recently 
completed a retrospective study analyzing the influence of antigen 
matching on over 600 cadaver transplants. Transplants from HLA-A and 
-B identical cadaveric donors fared no better than those mismatched 
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completely. On close examination, the reason for transplant failure was 
related to a higher mortility rate in patients receiving well matched 
kidneys. It is possible that the surgeon transplanting such a kidney 
persists with immunosuppressive therapy in the face of serious rejection 
and other complications under circumstances where the graft would be 
abandoned had it been a lesser match. Clinical transplantation is an 
extraordinarily human endeavor, despite attempts at sophistication. 

Despite the absence of a breakthrough, controlling transplant rejec- 
tion more specifically, surgeons can be proud of the decline in patient 
mortality over the past 10 years.! While the five year transplant success 
rate at our institution is 38 per cent, the five year patient survival rate is 78 
per cent, with the majority of deaths occurring in patients back on dialysis 
having rejected a kidney months or years previously. Interestingly, the 
transplant success rate and the five year survival of patients undergoing 
secondary transplants are identical to those undergoing primary trans- 
plants in our institution. Thus, there exists a real need to retransplant 
patients following rejection of their first kidney. 

While some controversy exists about the best method for treating 
end-stage renal disease, it is worth pointing out that the patient who 
rejects his first transplant and for this reason might well desire a life of 
dialysis, seldom chooses this course. Only 2 of 60 patients at our center 
given the opportunity to re-enter the transplant program declined to do so, 
and in each case extenuating family circumstances contributed to this 
decision. Thus, once transplanted and experiencing the difference in life 
style, virtually all patients want a second chance. 


CONCLUSIONS 


The clinician, while failing to find a cure for all patients with endstage 
kidney disease, has nonetheless acquired a great deal of useful informa- 
tion which can be summarized as facts on the basis of published ex- 
periments. 

1. Histocompatibility matching is important in determining which of 
several sibling donors should provide a transplant. 

2. Histocompatibility matching for cadaveric donor transplants has 
become increasingly impractical. 

3. Methods currently available have eliminated hyperactue rejection 
as a formidable clinical problem. 

4. To be widely applied organ preservation must be simple. 

5.- Dialysis patients should receive blood transfusions, and the best 
form of transfusion is frozen blood prepared by the Huggin’s tech- 
nique.* 

6. Antithymocyte globulin and antilymphocyte globulin are effective 
immunosuppressive agents if given in adequate dosage for long enough 
periods of time. 

7. A great deal is being learned about the immune response by the 
basic immunologists which will find application in the future. 

8. More surgeons familiar with the technology involved in organ 
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procurement and transplantation are needed to meet the demands of this 
growing field. 


14. 
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A decade has passed since clinical kidney transplantation in man 
began as a pioneering experimental procedure to help end-stage renal 
failure patients. Transplantation has come to be accepted as an es- 
tablished therapeutic modality along with chronic maintenance hemo- 
dialysis. With increasing experience in kidney transplantation in man, 
its indications have been broadened since the early tentative trials, 
and limitations and complications also have become more apparent. 
Numerous articles have appeared in literature in recent years review- 
ing the optimistic outlook for kidney transplant patients as well as the 
complications.® ?* The aim of this communication is to review broadly 
the surgical complications in the kidney transplant patient, some com- 
mon to other surgical procedures, and some related to organ transplan- 
tation, with emphasis on the surgical aspects of the complications. 


VASCULAR COMPLICATIONS 


Even though the incidence of vascular complications is fairly low 
following transplantation, owing to the seriousness relating to the pa- 
tient’s welfare and the fate of the transplanted graft, vascular compli- 
cations require special attention. 


Renal Artery Stenosis 


Since the early comment on this entity in literature,*' ** increasing 
awareness has been focused on this puzzling but potentially surgically 
correctable lesion. The incidence has been variously reported from 3 
per cent up to 11.8 per cent.” *” ” 
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Renal artery stenosis has been angiographically diagnosed from 
one month following transplant up to two years post-transplant.*’ In 
our experience all early stenosis was diagnosed one month after trans- 
plant. Most of the cases were studied because of diastolic hypertension 
which is usually difficult to control. In the majority of cases, a bruit is 
present over the graft. In our experience 75 per cent of the document- 
ed stenoses had a clinical bruit. Even though deterioration of renal 
function occurred rather late, in some instances it mimicked acute re- 
jection. Some mild proteinuria has been reported even though lack of 
significant proteinuria has been part of the differential diagnosis for 
the rejection problem. Obviously, arterial stenotic lesions are probably 
due to multifactorial causes, such as atherosclerosis, faulty surgical 
technique, trauma of the donor kidney due to the perfusion cannula or 
snare, injury during the donor nephrectomy including the intimal tear 
by stretching the blood vessel, hemodynamic injury caused by end-to- 
side anastomosis of the renal artery, or angulation of the renal artery 
due to the length of the host renal artery.*° 

Simple angulation or torsion of a lone artery, faulty technique, and 
rejection mechanisms all have been speculated to be the cause of arte- 
rial stenotic lesions. The cadaver kidney has been said to have a 
higher incidence of lesions; however, in our experience there has been 
no statistical difference in their incidence in cadaver or living-related 
donor kidney transplants. Long perfusion during the preservation 
seems to have made some difference in our experience (11.2 vs. 2.5 
per cent) in cadaver kidney transplants. Severity and frequency of re- 
current rejection damage also seemed to be contributing factors. His- 
tologically, examination of the resected specimen has revealed intimal 
fibrosis, granulation, and thrombosis formation at the anastomosis, 
and atherosclerotic change.*9 

In the majority of cases the site of the stenosis was the donor renal 
artery beyond anastomosis; however, some at the anastomosis usually 
present a sharp and short segment of stenosis*® caused by a technical 
problem of anastomosis, particularly missing the intima in the suture 
line, or kinking, angulation, periarterial adhesions, and extension of 
the host artery atherosclerosis. In this lesion located distal to anas- 
tomosis in the donor renal artery two types have been described:*® 
short and sharp, usually caused by kinking, angulation, fibrotic bands, 
or atheroma; and long and smooth, caused by fibrosis of the vessels or 
periarterial fibrosis. 

Diagnosis is made by angiography requiring more than a single 
plane. The presence of hypertension, a bruit over the graft, or func- 
tional deterioration are indications for angiography in most circum- 
stances. We do use angiography as a part of the work-up for difficult 
hypertension or for difficult, unexpected, or late-occurring rejection. 
Renin assay has been useful to differentiate the causes of hyperten- 
sion, particularly when a patient’s own kidneys may be the focus of 
hypertension. It has not been useful in predicting postoperative course 
so far in our experience. 

The reasons for surgical consideration are uncontrollable hyperten- 
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sive crisis, deterioration of function, and unpredictable thrombosis in 
pre-existing renal artery stenosis. We have also seen a high incidence 
of loss from rejection of the graft in the untreated or unimproved post- 
surgical correction group, suggesting an association of immunological 
injury with this lesion. As a part of the treatment some steps may be 
taken to minimize causative factors in prevention, such as gentle care 
during donor nephrectomy to minimize possible injury to the vessel, 
avoiding perfusion cannula injury and removing the portion of the 
renal artery that has been under snare, and meticulous technique dur- 
ing the vessel anastomosis, avoiding excessive stripping of the vessel 
wall, excessive dilatations, and intimal fracture. 

Since surgical repair is not without complications, some groups 
suggest careful consideration of conservative management versus sur- 
gical measures. One should consider all factors, such as function of 
the graft, general condition of the patient, and the facilities available. 
The transabdominal approach is definitely desirable because of the 
ease of approach to the blood vessel. A vein patch, resection and re- 
anastomosis, vein bypass, and lysis of adhesions all have been sug- 
gested. In our experience, the vein patch seemed to be less than satis- 
factory because of recurrence. Some advise that it be done only at the 
anastomosis site provided both ends are healthy blood vessels. If it can 
be performed, resection and re-anastomosis or vein bypass seems to be 
the most satisfactory technique. 

Surgical results have been good in general with improvement of 
75 to 100 per cent reported. We have experienced 66 per cent immedi- 
ate improvement with 55 per cent long-term improvement with a 
follow-up of over one year to 7 years. 


Anastomotic Leak and Secondary Massive Hemorrhage 


Secondary massive hemorrhage from anastomotic leak or mycotic 
aneurysm has been reported. Incidence of this alarming and serious 
complication is reported to be 1.9 per cent and up to 4.4 per cent in 
some series.2° Cause of massive bleeding in the early postoperative 
period is either a missed artery particularly in the cadaveric donor kid- 
ney or a disrupted anastomosis line due to faulty technique. Delayed 
massive bleeding usually occurs secondary to infection.’ It is usually 
manifested by excruciating pain in the graft wound or back pain ra- 
diating to the flank and the rectum followed by vasomotor collapse. In 
view of the serious consequence of this complication, resulting in a 
high incidence of transplant nephrectomy and mortality, preventive 
measures should be stressed: careful dissection during the transplant 
surgery to reduce hematoma, lymphocele, and infection; meticulous 
technique in anastomosis; and sterile technique during the donor 
nephrectomy and subsequent handling of the donor organ, monitored 
later by culture of perfusate and tissues. 

There has been occasional salvage of transplanted kidneys if mas- 
sive bleeding was due to anastomotic leak occurring immediately after 
transplant and if intervention was timely. One of our patients under- 
went resection of an anastomosis with re-anastomosis after leakage 
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and massive hemorrhage, resulting in salvage of the grafted kidney 
with normal function over 12 years. However, complicated situations 
usually require a nephrectomy to save a life and careful ligation of the 
involved iliac artery system to prevent further blow-out. It has been 
the experience of many, including ours, that ligation of the iliac artery 
system did not result in serious ischemia of the involved limb. 


Arterial Thrombosis 


Arterial thrombosis has generally been a postmortem or post- 
nephrectomy finding with an incidence between 1 and 2 per cent.'*” 
There are many causes, such as faulty technique with formation of an 
intimal flap, difficult vessel anastomosis with more than one vessel, 
hypercoagulable state, pre-existing renal artery stenosis, complications 
of renal artery stenosis surgery, complications of arteriograms, polar 
artery, consequence of endarterectomies, and intimal tear during the 
donor nephrectomy and perfusion cannula damage. Treatment is basi- 
cally preventive and consists of the use of meticulous technique and 
repair of the pre-existing arterial stenosis since it predisposes to total 
occlusion unpredictably. We have attempted thromboembolectomy 
three times with partial return of function in two cases, with an es- 
timated total occlusion time of 4 hours and 12 hours respectively. A 
case of attempted thrombectomy has been reported in which there was 
24 hours of occlusion time and conversion of anuria to oliguria before 
the patient died with consequent myocardial infarct.*! 


Venous Thrombosis 


Venous thrombosis in transplant patients seem to be rare; howev- 
er, the reported incidence has ranged from 0.5 to 4 per cent.*:*? Some 
of these are postmortem or postnephrectomy findings, presumably the 
end result of severe rejection and/or arteriothrombosis.* Some of the 
thromboses were the result of angulation of the iliac vein, extension of 
the thrombosis of the iliac vein system, extensive pressure due to the 
lymphoceles, hematoma, or the transplanted kidney itself, and left 
iliac compression syndrome. Immune complex formation with asso- 
ciated. nephrotic syndrome also has been implicated.'2 Suggestive 
symptoms are oliguria or, on occasion, sudden anuria, graft swelling, 
proteinuria (sometimes massive), hematuria, and ipsilateral leg swell- 
ing. Diagnosis can be made by a high index of suspicion and operative 
difficulty at the time of transplant, selective venography, or prompt 
exploration. We have used thrombectomy in the single case of a total 
renal vein occlusion during the immediate post-transplant period with 
complete return of the function. Use of anticoagulants such as hep- 
arin and Coumadin have been reported with stabilization of the func- 
tion and reduction in proteinuria.” In spite of some advocacy of the 
use of prophylactic heparin in post-transplant periods,‘ we hesitate to 
use it in view of the high incidence of hematoma and serious con- 
sequence of bleeding. 
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Rupture 


Since the early report of Murray, a fair number of this rather per- 
plexing complication has been reported in recent years.'* '° Reported 
incidences have varied from 3.6 to 6 per cent. Most ruptures occurred 
in the early post-transplant period within four weeks — 80 per cent of 
them within two weeks; however, a delayed one, 45 days and 5 
months post-transplant, has been also reported. Mortality of this com- 
plication is reported to be up to 9 per cent. Many possible etiologic 
factors have been suggested such as the biopsy site being a triggering 
point, ischemic damage, and preservation damage.'® Many also be- 
lieved that rejection itself played a major role in initiating stress and 
ruptures.'® The most common rupture occurred longitudinally at the 
convex border of the kidney at a depth of several millimeters, the area 
of the greatest curvature where the tension is greatest. Most ruptures 
of the transplanted kidneys presented themselves as an urgent 
event — sharp excruciating pain in the graft site or back and swelling 
followed by sudden vascular collapse; at times, the ruptures were less 
urgent, with slow swelling or evidence of blood loss and oliguria. The 
role of capsulotomy as a preventive measure is still controversial. 
Some ruptures did occur in the kidney that had undergone capsulo- 
tomy, but the majority of ruptures occurred in the kidney that had not. 
We have routinely employed capsulotomy since the inception of trans- 
plants and have yet to see a single case of rupture of the transplanted 
kidney. Most kidney ruptures resulted in nephrectomy and graft loss, 
but some salvage has been possible with control of the hemorrhage. If 
one decides to leave a repaired ruptured kidney in place, close observa- 
tion would be necessary since re-rupture can occur within the next 
few weeks. 


Lymphocele 


The lymphocele, a collection of lymph, in the retroperitoneal 
wounds of a renal transplant has been described previously after pel- 
vic cancer surgery or gynecologic surgery. This entity came to the at- 
tention of transplant surgeons in recent years because of the conse- 
quences, such as reduction in renal function due to the mass effect 
around the kidney and ureter, mimicking rejection, ureteral obstruc- 
tion, venous compression, and association with infections. Dissection 
of the lymphatic channel, particularly the external iliac chain, at the 
time of surgery and the donor kidney have been thought to be the 
source of the lymph leak. Incidences of from 2 to 18 per cent have 
been described.”*: 7% °° 

Steroids, diuretics, anticoagulants, rejection episodes, and ureteral 
obstruction have been described as contributing factors in perpetuat- 
ing leaks or increasing lymph flow, predisposing to the development of 
a lymphocele. A lymphocele usually appears somewhat late as a col- 
lection of fluids around the kidney. It has been known to appear from 
one week to 17 months post-transplant amounting to over one liter of 
lymph. When a lymphocele reaches clinical significance it can simu- 
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late rejection by compressing the kidney or by producing ureteral ob- 
struction. We have seen a case of acute oliguria due to massive lym- 
phoceles around the kidneys. In its mild form, ureteral obstruction 
would be visualized as an incidental finding on the intravenous pyelo- 
gram. It can present as a nonpitting edema over the graft or simply as 
a pelvic mass. Urinary frequency and hypertension probably due to the 
Page kidney effect have been described. 

Ipsilateral leg swelling, a mass found during pelvic and rectal ex- 
amination, an intravenous pyelogram showing displaced bladder, ca- 
lyectasis, dilated ureter, and a cystogram revealing displacement of 
the bladder would all help to delineate a mass in the perinephric and 
perivesical area. A lymphangiogram has been advocated by some to 
confirm the diagnosis early. Sonograms (ultrasonic “B” mode scan) 
have been extensively used recently and have proved useful in delin- 
eating a lymphocele, hematoma, and abscess.”*»”® If fluid has been 
aspirated or a cutaneous fistula has developed, analysis of fluid would 
be useful to differentiate lymph from urine. Use of intravenous indigo- 
carmine would also show a urine leak. Doppler flow studies have been 
used to differentiate ipsilateral leg swelling due to venous thrombosis 
from a lymphocele. 

To prevent development of a lymphocele we have practiced careful 
ligation of the tissue around the external iliac chain, and in dissecting 
the iliac artery and vein, we have exercised caution to minimize dis- 
ruption. It appears that the use of a drain is not helpful in preventing 
collection of lymph. Even though there is still some controversy as to 
the preferred treatment, most seem to agree that open drainage with a 
Penrose drain with sterile technique seems to bring the best result 
with the least recurrence. We have used closed drainage with a Silas- 
tic tube and a hemovac system with continuous suction in some cases 
with success; however, recurrence is a problem with this approach. 
Recently, intraabdominal marsupialization has been advocated and re- 
ported to be definitive treatment with good results, particularly in re- 
current and large lymphoceles. Needle aspiration has been used as a 
diagnostic measure or temporizing technique. This may be useful with 
a very small lymphocele or for diagnostic purposes, particularly with 
the recent use of the ultrasonic probe guide; however, risk of contami- 
nating lymphoceles and reaccumulation of lymph makes this tech- 
nique the least satisfactory of all. 


Wound Infection 


Infectious complications are still a major threat to the kidney 
transplant patient, who is in a peculiarly vulnerable state due to un- 
derlying diseases and the immunosuppression that is used at this time. 
The incidence has been reported to vary from 2 to 43 per cent overall, 
with a higher incidence associated with transplant nephrectomy, urine 
leak, and hematoma.” Some centers have reported a very low inci- 
dence (0.0 to 1.7 per cent) of wound infection in primary transplant 
wounds watched with meticulous attention;?> however, the infection 
rate in the reopened wound or transplant nephrectomy remains high, 
ranging from 17 to 19 per cent. 
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The seriousness of the wound infection has been emphasized by 
many authors, particularly a deep perinephric wound infection. Sepsis, 
mycotic aneurysm, and eventual loss of the graft were three major 
consequences. Wound infection was the source of deep perinephric in- 
fection in 17.5 to 62.5 per cent,?> and 75 per cent of perinephric ab- 
scesses resulted in the need for a transplant nephrectomy in one 
series.” The incidence of hematoma in the transplant wound was 7 to 
9.5 per cent. The majority of authors blamed this event on hemodialy- 
sis in spite of the use of regional heparinization. Infection in the he- 
matoma occurred in over 40 per cent. 

Other contributing factors stressed by many groups are the pres- 
ence of Penrose drains, urine leak, diabetes, and cadaver transplant. 
Earlier reports raised the question of the association of antithymocyte 
globulin treatment with a high incidence of infection, but some consid- 
ered this to be beneficial with lowered incidence of the infection owing 
to the steroid sparing effect of the antithymocyte globulin. 

The common bacterial agents were gram-negative (E. coli), staphy- 
lococcus, and Enterococcus. It should be noted that most of the etiologic 
agents were the same as in the urine culture if the patient did have a 
positive urine culture at the time. 

The diagnosis of wound infection, particularly a deep wound infec- 
tion, requires a high index of suspicion and a careful examination in- 
cluding pelvic and rectal examination. Recent advances of the sono- 
gram have been useful in defining the collection of the fluid, be it a 
hematoma, lymphocele, or abscess. Gallium scan has been used, but 
in our experience interpretation has always been somewhat difficult. 
Intravenous pyelogram and cystogram to define a paravesical and per- 
inephric mass is helpful. Finally, surgical exploration may be necessa- 
ry to make a definitive diagnosis. 

Obviously, prevention of the wound infection is of paramount im- 
portance. With knowledge of contributing factors predisposing to 
wound infection, prevention of a significant hematoma is most impor- 
tant with meticulous hemostasis, particularly in a cadaver transplant, 
because of potential bleeding from the donor organ itself. Careful at- 
tention should be paid to coagulation factors since the patient probably 
required frequent hemodialysis and may have been on anticoagulants. 
Bleeding tendencies of uremic patients with platelet problems should 
be considered. Because of its high association with wound infection, 
urine leak should be avoided with meticulous technique in performing 
the renal implant. We have used the closed hemovac system with sat- 
isfactory results in recent years, removing it within 36 to 48 hours. 
Use of topical antibiotics such as neomycin solution has been advocat- 
ed and we use this routinely as an irrigation solution. Use of systemic 
antibiotics is indicated if any known contamination exists or if the 
urine culture is positive at the time of surgery. Treatment of the 
wound infection follows the general surgical principle — early incision 
and drainage and early diagnosis and careful follow-up with an early 
decision for a graft nephrectomy to facilitate drainage and to prevent 
anastomotic leak. 
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Transplant nephrectomy deserves some comment because of the 
controversy as to its indication and infectious complications. Indica- 
tions for vascular problems, bleeding, rupture, urinary fistula, and 
wound infection have all been discussed elsewhere. Transplant 
nephrectomy for hyperacute rejection is rather obvious. For acute re- 
jection, there is some doubt as to the optimal time for nephrectomy. 
Diagnostic studies, such as the scan, biopsy, arteriogram, or response 
to treatment, can be used to gauge the salvage potential of the reject- 
ing kidney. However, the general philosophy should be to salvage the 
patient rather than the transplanted kidney. Recently, many people 
have advocated the policy of nephrectomy in the patient who has had 
a severe rejection crisis in the first week or more than two rejection 
episodes in the first two months. This is a reasonable policy allowing 
room for individualization. 

When chronic rejection is the indication, one should weigh the risk 
of the high incidence of wound complications in the transplant 
nephrectomy against the future problems of rejected kidneys such as 
infection, hypertension, or continuous presence of foreign antigen. 
Currently, we routinely remove the chronically rejected kidney in prep- 
aration for a future transplant if the patient’s general condition is 
good; otherwise we wait until the transplanted kidney causes trouble 
and the patient’s general condition improves with minimal effect of 
past immunosuppression. 

Techniques employed to prevent serious complications follow the 
general rule cited in previous discussions of wound infection, namely 
to avoid hematoma with good hemostasis, avoid the Penrose drain, if 
necessary use a closed drainage system, and use local antibiotic irriga- 
tion. Longstanding transplanted kidneys should be removed subcap- 
sularly to lessen bleeding. If grossly contaminated, serious thought 
should be given to the use of secondary closure. 


GASTROINTESTINAL COMPLICATIONS 


The accumulated experience in patients with end-stage renal dis- 
ease who have been treated by renal allografts is increasing. There are 
indications that these patients are prone to develop serious complica- 
tions that are frequently lethal and that these complications are not 
always directly related to the renal allograft. Gastrointestinal and he- 
patic complications rank third in the causes of death in renal allograft 
recipients. 


Incidence 


The incidence of gastrointestinal complications varies widely from 
as low as 1 per cent** to as high as 22.3 per cent.'® In general, it is 
reasonable to believe that the incidence in the majority of centers is 
around 10 to 15 per cent. 
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Mortality is fairly high in these patients. Moore and Hume report- 
ed that an emergency operation for ulceration and bleeding was the 
most lethal complication in their transplant patients.** Workers from 
Cambridge, England reported that 45 per cent of transplant patients 
with gastrointestinal tract complications failed to survive and that 62 
per cent of transplant patients with peptic ulcers complicated by hem- 
orrhage or perforation died.'* Workers from the University of California 
at San Francisco reported 33 serious gastrointestinal complications in 
29 patients, nearly half of whom (13 of 29) died as a result.2! The in- 
cidence of post-transplant upper gastrointestinal bleeding was reduced 
in the University of Minnesota by prophylactic operative control, but 
when bleeding did occur, the mortality rate was still high.*° Five of 
eight patients who bled in the post-transplant period died with this 
complication. Overall mortality from all causes of gastrointestinal 
complications was 35 per cent in Aldrete’s series,'! but of the four pa- 
tients who had upper gastrointestinal bleeding, two died. From all the 
reported series, it is quite clear that mortality from upper gastrointesti- 
nal bleeding in transplant patients is very high — 50 to 75 per cent. 
Diagnosis 

It is relatively easy to diagnose an acute abdominal condition if it 
develops later in the follow-up period. Gastrointestinal bleeding may 
manifest itself as hematemesis, melena, or the passage of bright red 
blood rectally. 

Intestinal perforation or infarction is characterized clinically by 
progressive abdominal pain, generalized in nature, along with sudden 
onset of severe abdominal distention. On examination, there will be 
tenderness and diminished or absent bowel sounds, and the patient 
may be in shock with hypotension. There may be guarding or rebound 
tenderness. Abdominal x-rays in both supine and upright positions 
should be taken to diagnose distended loops of small bowel, absence of 
gas in the distal colon, or multiple fluid levels or free gas under the 
diaphragm. Presence of intramural air in the large bowel should 
arouse the suspicion of an infarcted colon. With the help of the inves- 
tigations performed, a diagnosis of an ileus, a small or large bowel 
obstruction, or a perforated viscus may be arrived at. Sometimes it is 
advisable to have an upper gastrointestinal contrast study done, but in 
the case of upper gastrointestinal bleeding, it is advisable to do a gas- 
troscope in order to identify and locate the source of bleeding. Bleeding 
in these patients is more common than perforation. 


Management 


No time should be lost in arriving at a reasonable diagnosis and 
planning the future course of action. In all cases of abdominal emer- 
gency, a nasogastric tube should be placed in situ and suction com- 
menced. Intravenous fluid therapy is mandatory. The type of fluid will 
depend on the patient’s clinical status and the exact diagnosis. In all 
cases of sudden abdominal distention, the dose of prednisone should 
be reduced. During the acute phase of a gastrointestinal disease, pred- 
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nisone may be given intramuscularly as prednisolone or intravenously 
as methylprednisolone. Azathioprine should be discontinued in all in- 
fective or potentially infective situations such as perforated viscus or 
gangrene of the bowel. 

Almost all units that have had success in the management of se- 
vere gastrointestinal hemorrhage in transplant recipients advocate 
early surgery. Conservative therapy may be tried but should not be 
persevered with in the face of prolonged or severe repeated hemor- 
rhage, even when a local ulcer is not found. At operation, a “bling 
gastrectomy” with or without vagotomy should be performed. When a 
local lesion is identified, it should be treated promptly and a partial 
gastrectomy is indicated. 


Conservative Treatment for Upper Gastrointestinal Bleeding 


Approximately 20 per cent of patients with peptic ulcer bleed at 
some time and 5 per cent bleed massively, i.e., the group of patients 
who will show symptoms and signs of shock. The course will depend 
upon the rapidity of bleeding and the age and general condition of the 
patient. This emergency condition is truly a challenging responsibility. 

Pulse and blood pressure are to be frequently monitored. When 
blood becomes available, it should be transfused. The rate of replace- 
ment will depend upon the rate of blood loss. Hourly urine output is to 
be charted. The stomach should be washed out with ice water and 
endoscopy should be carried out. If that is not helpful, angiography to 
determine the source and rate of bleeding is advisable. Barium swal- 
low and examination of the stomach and duodenum may also be done, 
but is less rewarding. If the bleeding does not stop within 24 hours, 
perhaps it is wise to operate. For all massive hemorrhages and for peo- 
ple over 45 years of age, emergency surgery is the preferred course of 
treatment. For simple perforation without hemorrhage, a vagotomy 
and antrectomy or a vagotomy and pyloroplasty should be carried out. 

For all cases of gangrenous bowel, the gangrenous segment should 
be excised and the continuity of the bowel restored. Small areas of 
infarction with abdominal distention may return to normal activity in 
nonimmunosuppressed individuals, but in our group of patients, it is 
perhaps prudent to anticipate a re-perforation and re-exploration. All 
such areas should preferably be excised at the time of the first explora- 
tion. 


COLONIC COMPLICATIONS 


Colonic complications include diverticulitis, bleeding, ulceration, 
perforation, acute colitis, gangrenous-acute appendicitis, necrotizing 
enterocolitis, and fecal impaction. 


Incidence 


The reported incidence of colonic complications ranges from 1.5! 
to 12 per cent.“ In general, 6 per cent perhaps reflects the true in- 
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cidence in most centers. Perloff reviewed the cumulative experience of 
five large series with a total of 1156 allografts (including three hepatic 
grafts) and found an incidence of colonic complications of 10.4 per 
cent (11 patients), and the mortality rate for these 11 patients was 90 
per cent.” Mortality is very high almost uniformly in all reported 
series. Mortality from colonic perforations was 100 per cent in some 
series. More realistically, a mortality rate of about 75 per cent is to be 
expected. 


Diagnosis 


Ischemia of the bowel leading to localized or generalized gangrene 
is manifested by continuous or intermittent pain in the lower abdomen 
sometimes associated with diarrhea. On rare occasions, the patient 
suffering from diverticulitis may pass blood per rectum. Signs are 
those of peritonitis, localized or generalized. On examination, there 
may be hypotension or tachycardia and fever. There is also tenderness 
with or without guarding and rebound tenderness. Distention of the 
abdomen may also be present. Bowel sounds are absent. 

Radiographs of the abdomen typically include five characteristic 
signs on barium enema and plain films of the abdomen:” (1) ‘‘thumb- 
printing,” thought to be indicative of reversible smooth muscle defects 
due to hemorrhage into the bowel wall; (2) “‘saw-tooth” irregularity of 
the mucosa, characteristic of mucosal ulceration; (3) sacculation of 
the involved segment of the colon, indicative of stricture formation; (4) 
tubular narrowing; and (5) pseudopolypoid filling defects, which are 
attributed to remaining areas of normal mucosa following partial 
slough of necrotic mucosa. To these may be added: (6) spasticity and 
narrowing of the colon; (7) edematous thickening of the colon; and (8) 
free air under the diaphragm in the case of a perforated colon. 


Treatment 


As soon as intraabdominal colonic emergency is diagnosed or sus- 
pected, these patients should be explored, and treatment will depend 
on the exact pathological condition that is found. 

CoLONIC PERFORATION. The question as to whether a colonic per- 
foration either in an ischemic area or following diverticulitis in im- 
munosuppressive patients should be treated by performing a colostomy 
in preference to primary resection is not yet settled. It is generally felt 
that proximal colostomy alone is mostly unsuccessful, especially in the 
presence of gross fecal peritonitis. Repair of a perforation does not heal 
well in these patients and may necessitate a second major surgery in a 
critically ill patient. Primary resection should preferably be carried out 
if the patient’s condition permits. If there is a solitary area of ischemic 
perforation or traumatic perforation, perhaps it is justifiable to close 
the perforation and bring out the exteriorized loop with or without a 
double-barreled colostomy. Here, if the healing does not take place, 
one can always perform a secondary resection. For cases in which a 
resection has been undertaken, a primary repair is rarely done. Per- 
haps it is safer to carry out a proximal colostomy and a distal mucus 
fistula. 
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PSEUDOMEMBRANOUS ENTEROCOLITIS. Conservative treatment in 
the form of urgent fluid and blood replacement along with antibiotics 
is usually favored, but the mortality rate has been high. Plasma Pro- 
tein Fraction is perhaps the infusate of choice at the initial stage to 
combat shock. Thereafter, 5 per cent dextrose in 0.45 per cent normal 
saline may be used. The amount given depends on the fecal loss. Anti- 
biotic treatment is usually directed against staphylococcus, and cloxa- 
cillin or methicillin may be used for that purpose. 

HEMORRHAGE. Hemorrhage may result from diverticulitis. Even 
though the bleeding is profuse, unlike upper gastrointestinal hemor- 
rhage in transplant recipients, this bleeding usually ceases spontane- 
ously in time. If it persists, then only operation is indicated, as repeat- 
ed transfusions are hazardous in themselves and, as a general rule, 
should the patient require greater than 3000 ml of blood replacement 
from one episode, he should have surgery. A formal resection is under- 
taken restricting the sigmoid colectomy if the disease is largely res- 
tricted to that part. But, before surgery, arteriography should be per- 
formed through the superior and inferior mesenteric artery to locate 
the site and source of bleeding. If the bleeding is from the right colon, 
the surgeon should perform total colectomy with ileorectal anastomo- 
sis. 


PANCREATITIS 


Incidence 


The incidence of pancreatitis is accepted to be around 2 to 3 per 
cent. Pre-existing pancreatitis is present in 1.7 per cent of all recipi- 
ents.*! The mortality varies depending on the type and severity. Penn 
reported a mortality of 65 per cent,*! but 100 per cent mortality has 
been reported by Aldrete.! 


Diagnosis 


Diagnosis is not always easy, as often the traditional abdominal 
findings are masked by steroid therapy. It is critical to maintain a con- 
stant and high index of suspicion for pancreatitis in renal transplant 
recipients. The patient may present in one of these various forms of 
symptom complexes: 

1. Mild dyspepsia simulating peptic ulcer, postprandial sensation 
of fullness, and bloating and belching simulating biliary disease. 

2. Upper abdominal pain, mainly in the epigastrium and the left 
upper quadrant, which may gradually increase over a period of 3 to 4 
days. This pain has a tendency to radiate to the back. It may rarely be 
located in the right lower quadrant, which is atypical but possible, 
especially with involvement of the uncinate process or secondary to fat 
necrosis localized to the homolateral iliac fossa. 

3. Severe pleuritic chest pain that may or may not be associated 
with pleural effusion. 
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4. No abdominal symptom at all (painless pancreatitis) when the 
diagnosis can only be made at autopsy. 

5. Shock with hypotension. 

All of these symptoms may be accompanied by fever (103° to 104° 1), 
There is usually abdominal distention, tenderness, and upper quadrant 
guarding. 

The serum amylase is almost always elevated, but it may be diffi- 
cult to interpret in those patients who have borderline renal function 
that may cause hyperamylasemia. However, in renal failure, it is rare- 
ly greater than twice the normal value. The degree of hyperamylase- 
mia is not of any prognostic importance. Mention should be made of 
the difficulties encountered in measuring serum amylase in patients 
with hyperlipidemia, since hyperlipidemia is frequently present in 
renal transplant recipients.* Urinary amylase is also elevated. Usually 
it is measured at the rate of excretion of amylase per hour based on a 
two-hour collection of urine. Urinary amylase tends to stay elevated 
longer than serum amylase. Alkaline phosphatase may be elevated. 
Hypochloremic alkalosis may develop. 

Abdominal roentgenogram may reveal a “sentinel” dilated small 
bowel loop or pancreatic calcification. “Colon cutoff sign’ may be pres- 
ent in acute pancreatitis when there is gaseous distention of the as- 
cending colon and hepatic flexure, with the distention ending abruptly 
just to the left of the hepatic flexure. Chest roentgenogram may reveal 
diaphragmatic elevation, basilar pneumonitis, discoid atelectasis, and 
pleural effusion, unilateral or bilateral. These chest signs are reported 
to be present in 14 to 55 per cent of cases. Oral cholecystogram should 
be done to exclude biliary pathology, and a barium meal should be 
done to exclude ulcer. It may also show widening of the C-loop of the 
duodenum. Large pancreatic pseudocyst, if present, will cause anterior 
displacement of the stomach or may cause extrinsic compression on 
the stomach and duodenum, manifested by contrast study. 


Treatment 


The chance of survival depends on early diagnosis and prompt in- 
stitution of treatment in the form of nasogastric suction, fluid and 
electrolyte replacement, analgesics, antibiotics, and reduction in the 
dose of oral prednisone. Reduction in the dose of oral prednisone is 
suggested in general, but use of high-dose’ steroids upon 
experimentally-induced pancreatitis has shown that their early use 
has a protective and even reversing effect. Acute hemorrhagic pan- 
creatitis was treated successfully with cortisone as early as 1955, and 
recently Woods has suggested administering methylprednisolone intra- 
venously instead of oral prednisone in their patients.” 

FLUID AND ELECTROLYTE REPLACEMENT. Frequent vomiting, con- 
stant gastric suction, loss of calcium, and chloride and potassium de- 
mand adequate parenteral replacement. Daily requirement varies be- 
tween 3 and 6 liters. Whenever the serum potassium is less than 4 
mEq per liter, supplemental potassium should be given (20 mEq per 
liter). If the calcium is lower than 7 mg per 100 ml, a 10 per cent 
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solution of calcium gluconate in amounts of 20 ml or more is to be 
given intravenously. The fluid should be partly in the form of colloid 
and the rest as 5 per cent dextrose in normal saline. 

OPERATIVE TREATMENT. Until recently, surgeons have been reluc- 
tant to operate upon lesions of the pancreas. Now, however, surgical 
treatment is undertaken more widely with a calculated risk and a rea- 
sonable hope of successful outcome. 

For acute pancreatitis, surgical decompression of the biliary tree 
and multiple drainage around the pancreas may offer a great deal 
more than simple conservative therapy. Total pancreatectomy is too 
heroic in these patients and should not be performed. In the presence 
of pancreatic abscess and necrosis, it is advisable to resect the dis- 
eased area by partial pancreatectomy. 

For chronic pancreatitis due to organic obstruction of the 
sphincter, sphincterotomy is to be carried out or, preferably, choledo- 
choduodenostomy. 

For pseudocyst, whenever possible, an internal drainage is to be 
performed either through the stomach or through the duodenum or a 
Roux-en-Y using a loop of jejunum. 


HEPATIC COMPLICATIONS 


Hepatic dysfunction in kidney transplant recipients is a fairly fre- 
quent complication and has been reported to occur with an incidence 
varying from 7 to 60 per cent.” '!**+ The etiologic diagnosis is often 
undetermined, even after a liver biopsy has been carried out, and con- 
sensus in the management is far from standard and uniform. Viral 
hepatitis has often been incriminated; drug toxicity has often been 
suspected. The possible etiologic role of azathioprine (Imuran) has 
been a major source of concern. Other drugs incriminated are methy]l- 
dopa and isoniazid. Management is particularly difficult because inter- 
ruption of Imuran therapy may precipitate a rejection crisis ultimately 
leading to graft loss. Besides, the liver disease itself also carries a sig- 
nificant mortality ranging from O to 31 per cent in various reports. 
Hence, the study of the etiology, prophylaxis, and management of he- 
patic dysfunction forms an integral part of the total management of a 
transplant patient. 


Incidence 


The frequency with which post-transplant liver disease is diag- 
nosed varies with the vigor with which it is sought. The exact inci- 
dence is a matter of semantics. If one includes every case in which the 
various indices are much above the highest limit of the normal, then, 
of course, the incidence is going to be very high. Most, like us,” will 
relax the range and only include those patients whose serum trans- 
aminase values rose to above 200 international units or if the total 
serum bilirubin exceeded 2 mg per 100 ml on at least two successive 


determinations. Then, the incidence will vary between 8.9 and 2.6 per 
cent. 
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The onset could be any time following transplantation, but it has 


been reported to be more frequent within the first six months following 
transplantation. 


TRANSPLANTATION AND HBsAg ANTIGENEMIA 


As 10 to 90 per cent of dialysis patients may develop HBsAg an- 
tigenemia, it is likely that some of the transplant recipients are from 
the HBsAg-positive group. It is likely that HBsAg will persist during 
immunosuppressive therapy in the post-transplant period.’ In other pa- 
tients, the HBsAg will develop only after transplantation.’ An in- 
creased virulence of some viruses in immunosuppressed renal allo- 
graft recipients and the known hepatotoxicity of the commonly used 
drug azothioprine have been the reasons for concern about the out- 
come of hepatitis and, thus, the advisability of carrying out transplan- 
tation in this group of patients. 

The incidence and outcome of the hepatic dysfunction in the posi- 
tive group are not unfavorable either. Most authors have noticed a be- 
nign course and few have noticed a high incidence of death and severe 
hepatitis. In the majority of instances, the symptoms are absent or 
mild and there are no deaths directly attributed to liver failure. Chat- 
terjee reported no serious hepatic functional abnormality in the group 
that was positive before transplantation or in the group in which per- 
sistent antigenemia developed following transplantation. 


NEOPLASMS'’” °° 


Increased incidence of malignancy in kidney transplant patients is 
now a well established fact even though it is not considered to be high 
enough to contraindicate the benefits of renal transplantation in end- 
stage renal disease. One of the earlier reports cites the incidence of 
neoplasm to be 4.5 per cent, and the 12th Report of Human Trans- 
plant Registry shows a 1.2 per cent incidence. The risk of lymphoma is 
said to be 30 times higher than normal, and the risk of reticular cell 
sarcoma 350 times higher than normal. Skin and lip cancer is 40 
times higher and others 2 times higher than normal. The time of ap- 
pearance of neoplasms is fairly early, on the average 34 months, rang- 
ing from 1 to 154 months after transplantation, lymphoma occurring 
earlier with an average of 23 months, some as early as within four 
months. Other nonlymphomatous tumors appear later. 

Lymphomas constitute roughly 25 per cent of all de novo tumors 
in transplant patients; one striking characteristic is involvement of the 
central nervous system, 52 per cent compared with 1 per cent in the 
general population. When lymphomas involve the central nervous sys- 
tem, the majority are confined to the brain. Over half of lymphomas 
are reticulum cell sarcoma (70 per cent). Skin and lip cancer consti- 
tute roughly over 40 per cent of all neoplasms in transplant patients. 
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In transplant patients it seems that squamous epithelial cell has a ten- 
dency to dysplasia and to carcinoma in situ. 

In spite of earlier reports to the contrary, death has been a direct 
result of squamous cancer, at least in five cases. Increasing numbers 
of kaposi cell sarcoma and leukemia have been reported — so far 15 
cases in each category — roughly 3 per cent each. This relatively high 
incidence of kaposi cell sarcoma is of interest since in the general pop- 
ulation, kaposi cell sarcoma is a rare lesion. At least 15 cases of leuke- 
mia have been reported including erythroleukemia. In cancer of the 
skin and lip, squamous cell epithelioma predominates over basal cell 
cancer in contrast to the general population. Squamous cell epithelio- 
mas are usually superficial and noninvasive, but Penn had five cases 
of aggressive squamous cell cancer leading to death. 

Cervical cancers are usually carcinoma in situ and constitute 7.2 
per cent of tumors. It is generally agreed that management of these 
tumors should follow the general principle of aggressive cancer man- 
agement. Reduction or interruption of immunosuppression would be 
advised. In multiple skin lesions, biopsy of the suspicious one and topi- 
cal treatment with 5-fluorouracil (20 per cent solution) has been a well 
proven treatment. In lymphoma, drastic reduction or discontinuation 
of immunosuppression would be necessary; in fact, quite often inter- 
ruption of immunosuppression alone may bring regression of kaposi 
cell sarcoma or other relatively benign tumors. Long-term survival of 
patients with lymphoma with reduction of immunosuppression and ra- 
diotherapy has been reported. In carcinoma in situ of the cervix, one 
may do a simple hysterectomy, wide conization, or cryosurgery. 

Kidney transplant for the cancer patient, particularly patients with 
renal cell cancer, is a difficult subject. Penn suggested recently, based 
on his survey, a minimum of 12 months’ wait after the surgical remov- 
al of the original tumor before kidney transplantation surgery. 

Transmission of a tumor from the donor has occurred. Some of the 
tumors regressed with removal of the transplanted kidney along with 
interruption of immunosuppression, but unfortunately, not all cases. 
As to the cause of de novo neoplasms, obviously immunosuppressive 
therapy encourages development of neoplasm. Beyond that one can 
only speculate at this time. Immune surveillance, immune stimula- 
tion, chronic antigen stimulation, and the role of virus and genetic fac- 
tors all have been considered to be possible mechanisms. Recent de- 
velopment of the association of the disease with the HLA system may 
shed more light into the genetic factors involved in development of 
malignancy in different individuals. 


HYPERPARATHYROIDISM 


Disturbed calcium metabolism and secondary hyperparathyroidism 
in chronic renal failure has been well known. Since the advent of 
renal transplant, the persistence of hypercalcemia and hyperparathy- 
roidism after successful renal homotransplant has also been well docu- 
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mented. Incidence of hypercalcemia and secondary hyperparathyroid- 
ism has ranged from 2.6 to 70 per cent depending on the criteria used 
to define the diagnosis. Pletka reported a 70 per cent incidence of hy- 
perparathyroidism, defined as an elevated hormone level, whereas 
only 8.5 per cent showed hypercalcemia.** Most groups reported an 
earlier appearance of hypercalcemia (within 3 to 30 days post- 
transplant) as mild and transient and tending to disappear in 3 to 12 
months. Late appearance does occur within six months or after, per- 
sisting up to seven years or longer. 

The mechanisms involved in the early appearance of hypercalce- 
mia or the persistence of hyperparathyroidism are related to the mech- 
anisms involved in uremic secondary hyperparathyroidism. Early hy- 
percalcemia tends to be related to phosphorus depletion, mobilization 
of the calcium, and persistence of the pre-existing hyperparathyroid- 
ism due to slow involution. Persistence of hypercalcemia and second- 
ary hyperparathyroidism beyond the early post-transplant period are 
probably related to many factors: (1) slow involution of the parathyroid 
gland or still debatable “autonomy”; (2) steroid administration that 
suppresses serum calcium and therefore stimulates PTH production; 
(3) phosphate binding antacid producing hypophosphatemia and sub- 
sequently hyperparathyroidism; (4) prolonged effect of pre-transplant 
treatment with vitamin D carrying into the post-transplant period; and 
(5) magnesium deficiency may be the cause of hypercalcemia. 

With these speculated mechanisms are some predisposing factors 
such as state of phosphate depletion, graft function, and extent of pre- 
transplant hyperthyroidism. In making diagnosis of persistent second- 
ary parathyroidism or “tertiary” hyperparathyroidism, the patient typi- 
cally should have hypercalcemia, hypophosphatemia, hyperphospha- 
turia, and elevated level of parathyroid hormone. Serum calcium may 
not be elevated, which is often unreliable, since it is quite often 
masked by poor graft function or is suppressed by steroid treatment. 
Indeed Geis reports a 44 per cent incidence of normal serum calcium 
in spite of the elevated ionized calcium level.'! At times, an elevated 
level with normal serum calcium has been reported, the clinical mean- 
ing of which is still unclear. Reducing the steroid doses may bring out 
elevated serum calcium, suggesting some hidden cases. X-ray study of 
the bone and soft tissue would show a degree of bone change as well 
as metastatic calcification. Bone change is associated in 80 to 100 per 
cent of the suspected cases.* 


Management 


The majority of early cases of hypercalcemia would revert to eu- 
parathyroidism in 6 to 12 months therefore requiring only conservative 
management such as phosphorus repletion with high phosphorus, low 
calcium diet and/or the use of phosphate antacid rather than phospho- 
rus binding antacids, and at times a slight increase of steroid doses 
and use of diuretics. Pre-transplant parathyroidectomy may be indicat- 
ed for the patient with extremely high serum calcium (14 mg per dl) 
and/or severe bony change. 
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Because of the insidiousness as well as the known consequences 
of hypercalcemia and hyperparathyroidism, such as deterioration of 
renal function, progression of the bony change particularly in children, 
aseptic necrosis of the bone,® nephrocalcinosis and nephrolithiasis, and 
metastatic calcification and possible relation with atherosclerosis, 
parathyroidectomy has been advocated. The following indications may 
be justified: (1) in early hypercalcemia or hyperparathyroidism if medi- 
cal trials fail or progressive and uncontrollable hypercalcemia devel- 
ops; (2) in late and persistent hyperparathyroidism; (3) appearance of 
bony complications such as pathological fractures or aseptic necrosis 
(Wilson reports experience that none of the patients who had a pre- 
transplant parathyroidectomy developed aseptic necrosis post- 
transplant); (4) unexplainable deterioration of the renal function may 
be caused by hypercalciuria;* and (5) nephrolithiasis and nephrocal- 
cinosis. 

Most of the parathyroid glands removed by surgery are known to 
show chief cell hypoplasia; however, occasional adenoma has been re- 
ported. Since our early reports in 1964 of parathyroidectomy in a pa- 
tient who developed staghorn calculus post-transplant,'* we performed 
15 parathyroidectomies in 331 patients (incidence of 4.5 per cent): 
three were done pre-transplant in preparation for the transplant, 12 
were done in the post-transplant period, more than two years after 
transplant, and five were done within two years. A recurrence rate of 
11 to 12 per cent has been reported after subtotal parathyroidectomy. 
Geis has reported the use of total parathyroidectomy with autotrans- 
plant which will require calcium supplement postoperatively."! 


DIABETES* 


Some patients developed diabetes after kidney transplant with 
steroid administration. The overall incidence has been reported to 
range from 6 to 11 per cent. The incidence is higher in cadaveric 
donor transplants, 8 to 15.7 per cent; in people over 40, 9 to 14 per 
cent; and in those over 50, 23.5 per cent, more obviously with a family 
history of diabetes. It is also noted that women develop diabetes more 
often. The onset or discovery of diabetes is usually in the second or 
third post-transplant month, but it has been reported as short as 13 
days after transplant and over one year after transplant. It commonly 
follows rejection treatment. We have seen patients develop a high 
blood sugar level of up to 900 mg per 100 ml, with ketoacidosis during 
the intensive treatment of rejection with a high dosage of Solumedrol. 
The Minnesota group reports development of hyperglycemic nonketotic 
coma developing insidiously 18 months after the transplant. Over half 
of the patients had a blood sugar of over 300 mg per 100 ml. Most of 
them are asymptomatic even though an occasional patient may com- 
plain of headaches, blurred vision, dry mouth, and polyuria. Most 
cases are mild and do not require insulin treatment after steroid dos- 
age has been tapered to the maintenance dosage. Only an occasional 
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patient will require insulin administration. The long-term effects of 
steroid-induced diabetes in transplant patients are still unclear. At 
present, the impression is that most patients do not seem to suffer any 
undue complications because of this condition, in contrast to the 
known diabetic patient who comes to transplantation. 
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The recipient of a kidney transplant is liable to the development of 
a variety of postoperative complications, often multiple in nature, 
which may lead to loss of the allograft or ultimately to death of the 
recipient. Over the years, there has been a shift of pattern in the cause 
of death in the renal transplant recipient. In a recent review of the 
experience in renal transplantation in Boston over the past 25 years, 
Murray noted the evolution of cause of death in graft recipients from 
the previous ones of infection and uremia in the early period to compli- 
cations of atherosclerosis in the current period.'!? This observation 
spans our increasing expertise in the management of the postoperative 
renal transplant recipient, our improved abilities to accurately assess 
and remove in time the failing graft, and our increasing knowledge in 
the successful treatment of many of the infectious complications. 

In the area of urologic complications of renal transplantation, 
however, we are still faced with significant patient morbidity and mor- 
tality rates far in excess of that in the uncomplicated graft recipient. 
Malek, in a literature review, found 174 urologic complications reported 
for 1301 renal transplants—an incidence of 13.3 per cent.® In this 
group, 57 deaths (32.7 per cent) were attributable to urologic compli- 
cations. These mortality figures are even worse when compared with 
the current death rate from urologic complications (Table 1). Many 
centers have noticed a vast improvement in the present incidence of 
urologic complication compared to their own previous experience.* ™ 
This is to be expected as our technical ability in harvesting and reim- 
planting the donor ureter is improved. There are groups that report an 
astoundingly low incidence in urologic complications.'*”°** These 
groups emphasize meticulous attention to surgical details, particularly 
in harvesting the donor kidney. It is by careful attention to preserva- 
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Table 1. Review of the Urologic Complications and 
Mortality (1972-1977) 


NO. OF 
NO. OF COMPLICATIONS MORTALITY 
TRANSPLANTS (%) (%) 

Baker et al. (1970) 220 9 (4.0) 0/9 (nil) 
Malen et al. (1973) 94 8 (8.5) 1/8 (nil) 
Marx et al. (1974) 87 63 (GH) 0/3 (nil) 
Colfry et al. (1974) 126 14 (12) 4/14 (28.5) 
Leary et al. (1975) 221 2 (0.9) 0/2 (nil) 
Soldman et al. (1976) 239 8 (2.6) B/S) 
Pfefferman et al. (1977) nik 202 24 (12) 2/24 (8) 
Salvatierra et al. (1977) 250 4 (1.6) 0/4 (nil) 
U. C. Davis (1977) 100 8 (8.0) 0/8 nil) 

1539 81 (5%) 10/81 


Overall (0.6%) 
From complications 
(13%) 


tion of the ureteral blood supply at the time of harvesting that most 
urologic complications can be avoided. When care in harvesting is car- 
ried out, the incidence of ureteral ischemia and necrosis will be con- 
siderably reduced, leaving technical mishaps involving ureteroneocys- 
tostomy, bladder closure, and control of lymphatics as the source for 
most of the remainder of complications. 


TYPES OF UROLOGIC COMPLICATIONS AND THEIR 
MANAGEMENT 


VESICOCUTANEOUS FISTULA 


The normal urinary bladder when adequately drained will depend- 
ably close almost all fistulas spontaneously. This recognized urologic 
principle is useless in the uremic immunosuppressed graft recipient. 
Bladder fistulas following transplantation will persist almost indefin- 
itely with spontaneous closure rarely occurring and only after normal 
renal function has been present for several months.2° We have even ob- 
served one vesicocutaneous fistula persist for almost a year after graft 
removal. 


Diagnosis 


The diagnosis is usually obvious in the patient with perivesical 
drains. Persistent wound leakage occurs, which can be proved to be 
urine by its creatinine, urea, or sodium concentration if renal function 
has stabilized. We prefer the use of intravenous indigo carmine or 
methylene blue, which will ultimately stain the dressings even in the 
uremic patient. The anatomic location of the fistula can be identified 
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by cystography under fluoroscopy, but this is unnecessary since it is 
almost always the bladder suture line. 

In the nondrained graft recipient, the diagnosis is not as obvious. 
A gradual or intermittent fall-off in urinary output is initially seen 
with some diffuse lower abdominal tenderness. This may be present 
for a day before pain, abdominal distention, and fever are noted. A 
cystogram is necessary here to confirm the diagnosis and differentiate 
these signs from graft rejection (Fig. 1 to 3). This can be a difficult 
diagnostic problem, but since the consequences of urinary leakage are 
so disastrous, even repeated cystograms are a small price to pay for 
avoiding misdiagnosis. Some surgeons have relied heavily upon radio- 
nuclide scintiphotography to confirm urinary tract continuity in the 
early posttransplant period and were able to diagnose fistula problems 
in some instances before clinical signs appeared.?* We also advocate 
this method and obtain routine radionuclide studies on day one and 


day seven following transplantation, and thereafter whenever indicat- 
ed. 


Management and Prevention 


Reoperation for repair of a vesical fistula should be carried out as 
soon as the diagnosis is established. The source of the fistula is almost 
always the vesical closure suture line, and this generally must be com- 
pletely reopened and closed again after proper inspection of wound 


Figure 1. Cystogram showing a small leak. 
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Figure 2. Urinary leakage was considerable, necessitating immediate surgery. 


edges for viability. We use a three-layer closure. The initial layer in- 
cludes only the mucosa using 4—0 chromic catgut suture. A continuous 
3-0 chromic suture is used for the muscle layer, and the last layer 
includes the adventitia and part of the muscularis using 3-0 continu- 
ous chromic catgut sutures. 

There may be an increased incidence of bladder complications fol- 
lowing retransplantation. Pfefferman and coworkers found a vesicocu- 
taneous fistula rate of 2 per cent in primary grafts, 7 per cent in sec- 
ondary grafts, and 60 per cent in those receiving their third 
transplant.” Scarring in the previously operated bladder could impair 
healing and make watertight closure more difficult. 

Prevention of vesical fistula can be best obtained by meticulous 
closure of the bladder at the time of transplantation. Utilization of at 
least a two-layer watertight bladder anastomosis is the key to accom- 
plishing prevention. The bladder should be drained with a Foley cath- 
eter for the initial postoperative period. We remove catheters on the 
fifth postoperative day. Some have advocated catheter removal after 
24 hours, but the disadvantages in patient inconvenience and the 
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Figure 3. Cystogram taken after repair of bladder. 


worry of bladder overdistention appear to outweigh the advantage in 
avoidance of infection. Perivesical drains are also useful. We originally 
utilized Hemovac tubes, but now prefer a simple Penrose drain that is 
removed within two days following surgery. 


URETEROCUTANEOUS FISTULA 


This complication is generally more serious in that it draws atten- 
tion to a major deficit in ureteral blood supply. The distal ureter in 
transplantation has marginal vascularity, and this may be further 
compromised during the immediate postoperative period by the normal 
inflammatory response. In addition, the development of rejection will 
further impair ureteral blood flow and has been shown to involve the 
ureter as well as the kidney. All these factors occasionally may com- 
bine to create the challenging complication of ureterocutaneous fistu- 
la. 

In most authors’ experience, the ureteral complication rate is lower 
following ureteroneocystostomy than by other surgical methods for re- 
establishing urinary tract continuity.* Kiser’ reported a 17 per cent 
incidence of fistula following 12 ureteroureteral anastomoses and a 33 
per cent incidence following 12 pyeloureteric anastomoses, but this 
complication developed in only 4 of 220 allografts where ureteroneo- 
cystostomy was utilized. We have always favored the latter technique 
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where possible, which allows subsequent use of the recipient’s own 
ureter (from either side) should ureteral complications arise. 
Diagnosis 

Ureterocutaneous fistula presents in much the same fashion as 
leakage from the bladder. Ureteral leaks are probably more persistent 
in the immediate postoperative period than are vesical leaks, which 
may be influenced by variables in catheter drainage. Radionuclide 
scanning studies are helpful when there is an extravesical accumula- 
tion of urine. A cystogram is valuable since it is the best method for 
excluding a bladder source for the leakage. Excretory urography is 


usually of little value unless there is superimposed ureteral obstruc- 
tion. j 


Management and Prevention 


These fistulas also require early operative intervention. When a 
diagnosis has been established, reoperation should be rapidly carried 
out. The operative findings are unpredictable. Rarely will the proximal 
ureter be viable, allowing simple reanastomosis to be carried out. If an 
anastomosis without tension can be obtained, secondary ureteral reim- 
planation should be performed even if the ureteral length obviates for- 
mation of an adequate submucosal tunnel. The psoas hitch or Boari 
flap may bring the ureter to the bladder without tension. If this is not 
the case, then utilization of ureteroureterostomy would be our next ap- 
proach. This anastomosis should be spatulated and again be complete- 
ly devoid of tension on suture lines. A Penrose drain should be brought 
to the anastomosis, and an internal ureteral stent with a No. 8 infant 
feeding tube should be placed via the bladder to the renal pelvis. This 
stent should be maintained for a minimum of two weeks after repair. 
A small Silastic nephrostomy tube is an alternative form of drainage, 
but does not take the place of the ureteral stent. If the donor kidney 
has an ample renal pelvis, then pyeloureteral anastomosis can also be 
considered, but the fistula rate from this elongated suture line is high. 
If the ipsilateral ureter is inaccessible or damaged, we have not hesi- 
tated to employ the contralateral ureter, which will easily reach the 
transplanted kidney in most instances. 

Ureteral fistula develops because of errors in organ harvesting. By 
careful attention to technical details at the time of donor nephrectomy, 
these complications can be virtually avoided. Salvatierra et al. have 
enjoyed outstanding sucess in avoiding urinary fistula and recently re- 
ported an incidence of only 1.6 per cent in 250 consecutive renal trans- 
plants.** Donor nephrectomy must be a meticulous procedure with pre- 
servation of the major ureteral blood supply being a primary goal. This 
is accomplished by avoiding dissection into the renal hilum. The renal 
pelvic artery arises as a branch from the renal artery near the kidney 
and may run a course through the loose areolar tissue before joining 
the ureter. Interruption of the venous drainage of the ureter and pelvis 
is equally crucial, as it leads to enormous ureteral edema. Pelvic veins 
must be carefully preserved. We initiate donor nephrectomy on the left 
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side by ligating the ovarian or testicular veins and limiting our distal 
dissection at this point. This leaves a sizable pelvic fat pad, which 
contains the ureteral arterial and venous supply. On the right side, we 
do no dissection distally once the renal vein has been isolated at its 
junction with the vena cava. 

Hricko and associates have reported a higher ureteral complica- 
tion rate in related donors who have had multiple renal arteries.? Their 
fistula incidence is essentially double that of donors with single arte- 
ries whether ureteroureteral, pyeloureteric, or ureteroneocystostomy 
was performed. Other authors have not had this experience with mul- 
tiple vessels.?° Hricko’s experience was not duplicated in cadaver 
donors, however.’ 

It is clear that problems with urinary fistula are directly related to 
the blood supply of the donor ureter and can be largely avoided by 
careful dissection of the renal hilum at the time of donor nephrectomy. 


CALYCEAL-CUTANEOUS FISTULA 


Calyceal-cutaneous fistula develops in about 3 per cent of renal 
allografts. This unexpected complication is more likely to occur in kid- 
neys transplanted with multiple renal arteries. Goldman and 
coworkers® reported a 12 per cent incidence of calyceal-cutaneous fis- 
tulas in allografts transplanted with more than a single renal artery. 
This complication is generally more subtle in presentation than other 
forms of urinary fistula. Undisclosed fever and abnormal swelling or 
tenderness are signs shared with other types of urinary leakage. Scro- 
tal or labial swelling has also been observed. The complication results 
in most instances from a minor appearing renal infarct often noted at 
the time of transplantation. These infarcts presumably result from in- 
terruption of the aberrant blood supply to a small renal segment unno- 
ticed at the time of donor organ harvesting. For this reason, the extra 
time necessary to reconstruct such damaged small vessels at the time 
of transplantation is well worth the effort to avoid subsequent fistula 
formation. We prefer to utilize a second separate anastomosis when 
these injuries are unnoticed until the graft has been put into place. 
However, when discovered at the time of harvesting, a very satisfacto- 
ry reconstruction can be carried out between the aberrant segmental 
artery and the main hilar vascular supply utilizing microvascular sur- 
gical technique. When ascertained early enough, reconstruction can be 
meticulously carried out during the period of preservation, allowing al- 
most unlimited operating time. 


OBSTRUCTION 
Urinary tract obstruction can, of course, result in the older male 


patient at any time following renal transplantation because of ongoing 
bladder outlet obstruction. This complaint may be minimized in the 
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dialyzed patient and is absent in those recipients with previous bilater- 
al nephrectomy, until the time of the posttransplant diuresis. At this 
point, attempts to remove the indwelling urinary catheter will be frus- 
trated by bouts of urinary retention. Care must be taken early to ob- 
serve the significance of symptoms of retention, for prolonged bladder 
distention may seriously compound the problem by leading to a vesical 
fistula. There is no contraindication to transurethral surgery in the 
early postoperative period, and this should be carried out after a diag- 
nosis has been established. 

The younger male patients, particularly those with a long history 
of urologic procedures resulting in chronic pyelonephritis, are often 
left with severe urethral stricture disease. This also may be minimally 
symptomatic while the patient is being dialyzed. The significance of 
the stricture may even be exacerbated by the long periods of low uri- 
nary flow. Clinically significant stricture disease will become apparent 


eZ, 


Figure 4. Intravenous urography showing stenosis at the ureterovesical junction, 
causing hydroureter and hydronephrosis. 
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Figure 5. Intravenous urography after reimplantation of the donor ureter. 


at the time of preoperative catheterization before transplantation and 
will usually respond to careful urethral dilatation. Standard methods 
of stricture management are indicated in these patients. Periodic post- 
operative assessment of urinary flow rate by uroflorimetry is the best 
method to follow these patients after transplantation, as manipulative 
techniques such as urethrography are likely to introduce infection. 
Ureteral obstruction (Figs. 4 and 5) results in a small percentage 
of patients undergoing ureteroneocystostomy. The incidence of ure- 
teral obstruction is variable. Kiser and coauthors found 8 cases of ob- 
struction in 220 ureteroneocystostomies.'? Three of these were diag- 
nosed in an early stage and were presumed to be due to edema since 
they responded to ureteral catheterization. Other early causes of ure- 
teral obstruction following transplantation are ureteral torsion during 
implantation, ureteral compression by either the swollen or misplaced 


314 JoHN M. PaLMER AND Satya N. CHATTERJEE 


renal graft or adjacent structure such as the spermatic cord, blood 
clots, and stricture at the anastomosis.* 

Ureteral necrosis is the most common serious cause of obstruction. 
This characteristically presents as obstruction at the site of the ure- 
teral anastomosis to the bladder. The diagnosis can be suspected at 
cystoscopy where the grayish, friable ureteral mucosa will contrast 
with the edematous surrounding vesical wall. Passage of a ureteral 
catheter should always be accompanied by retrograde pyelography. 
This will demonstrate the marked luminal constriction due to severe 
edema of the entire ureteral wall. This complication responds tempo- 
rarily to passage of a ureteral catheter beyond the area of edema, but 
ultimately will result in fistula formation and graft loss, if not sepsis 
and death of the patient. The damaged ureter must be resected and 
urinary tract continuity reestablished immediately by the sequence of 
methods outlined in the section on fistulas. As with fistulas, if the first 
attempt at repair is unsuccessful, transplant nephrectomy should be 
entertained as a lifesaving measure since multiple procedures will 
constitute a serious threat to the life of the recipient. Barry and asso- 
ciates noted a higher incidence of ureteral necrosis in recipients re- 
ceiving living donor grafts.'! They attributed this increased incidence to 
technical error in overdissection of the distal renal artery at the time 
of donor nephrectomy. Ureteral necrosis is undoubtedly related to this 
cause and therefore can be easily avoided. 

Late causes of ureteral obstruction include abscess, lymphocele, 
stone, fungus ball, and retroperitoneal fibrosis. These are more rare 
than the causes of early obstruction, are slower to develop and, there- 
fore, are more difficult to diagnose. The signs in patients with later 
ureteral obstruction may mimic those of chronic rejection. For this 
reason, pyelograms are necessary in ruling out ureteral obstruction in 
the transplant recipient with a mature graft who is undergoing gra- 
dual deterioration of renal function. We always obtain a baseline ex- 
cretory urogram at the time of initial hospital discharge and repeat 
this study at six months and one year. Ureteral obstruction due to fi- 
brosis and scarring is usually gradual in development and can easily 
be diagnosed on serial studies. Ureteral dilatation alone does not re- 
quire surgical intervention, but when accompanied by renal functional 
changes and increasing hydronephrosis, repair of the obstruction must 
be undertaken. 

Fibrosis of the transplanted ureter has been noted and attributed 
by some authors to rejection episodes resulting in mild ureteral is- 
chemia.”> Vasculitis is a well-known feature of acute allograft rejection 
and has been reported to occur in the ureter as well as the kidney. 
This may become chronic and result in fibrosis. Certainly in those 
cases where the entire transplant ureter has been found to be in- 
volved, this etiology must be highly suspect. We have noted localized 
fibrosis reminiscent of delayed ureteral obstruction occurring following 
ureteroneocystostomy in patients without renal failure.2° In this com- 
plication, the fibrotic scars are more localized to the distal ureter and 
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are more difficult to ascribe to causes other than the gradual develop- 
ment of postoperative scar. 


URINARY TRACT INFECTION 


Urinary tract infection is the most frequent urologic complication 
following transplantation. The incidence has been reported to be well 
over 75 per cent in most series.” '* Before the institution of closed uri- 
nary drainage, the incidence of urinary infection in normal patients 
with an indwelling catheter was virtually 100 per cent after six days. 
This incidence has now been reduced to about 25 per cent.® Clearly in 
the postoperative transplant patient who rarely remains on catheter 
drainage longer than five days, the greatly increased incidence of uri- 
nary tract infection relates to immunosuppression and the azotemic 
state. Hamshere and coauthors found the incidence of urinary tract 
infection in their female patients (83 per cent) to be double that of 
males (43 per cent).’ Although the groups were small, there was also 
an increased incidence in those patients with a previous diagnosis of 
chronic pyelonephritis. The incidence of reflux in their infected group 
was less than 10 per cent. A single course of antibiotics cured 41 per 
cent of their patients. In three of five chronically infected patients sub- 
sequently undergoing nephroureterectomy, infections totally ceased. 
They found E. coli to be the most common infecting organism and 
noted no prognostic significance to the presence of a urinary tract in- 
fection following transplantation. 

In contrast, Krieger’s group," in an excellent retrospective review 
of all transplants performed at their center in 1974, found an inci- 
dence of early urinary tract infection in 61 per cent of unsuccessful 
renal grafts versus only a 14 per cent incidence in successful ones (p 
<0.05). They also noted that 20 to 30 per cent of patients were cured 
with each course of antibiotic therapy. In the failed graft group, the 
offending organism was usually S. faecalis, whereas in the successful 
grafts, it was E. coli. Success or failure of the graft correlates with 
this difference in infecting organisms (p <0.02). These authors then 
were able to attach a negative prognostic correlation upon the early 
development of urinary tract infection following renal transplantation, 
particularly in the patient with a noncoliform infection. Nineteen of 22 
patients with an early urinary tract infection ultimately lost their 
grafts. 

In a recent study, colleagues of Kincaid-Smith have noted a new 
risk to the transplanted kidney following vesicoureteric reflux.'* Graft 
failure occurred in 14 of 29 refluxing grafts as compared with 14 fail- 
ures in 90 nonrefluxing grafts (p<0.01). Graft failure in the refluxing 
group was associated with proteinuria, microscopic hematuria, and a 
biopsy appearance of mesangiocapillary glomerular change. The rela- 
tionship of these biopsy findings to the presence of vesicoureteral re- 
flux is difficult to comprehend and this finding requires substantiation 
by other workers. 
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MISCELLANEOUS COMPLICATIONS 


Lymphoceles 


Lymphoceles occur in 1.2 to 18.1 per cent of all transplants.* Many 
will lead to a mistaken diagnosis of rejection and, as in the case of 
obstructive lesions, must be considered before rigorous therapy for re- 
jection is carried out. Symptoms parallel those of rejection and include 
abdominal swelling or mass, edema over the graft, ipsilateral leg 
edema, graft enlargement, fever of undetermined origin, weight gain, 
and ileofemoral thrombosis.‘ They may be compounded by ureteral ob- 
struction when strategically positioned over the course of the ureter. 
They are avoided by careful ligation or clipping of all lymphatic chan- 
nels about the iliac vein as they course upward from the thigh. 


Graft Rupture 


Rupture of the renal allograft is such an overwhelming complica- 
tion that its inclusion under miscellaneous complication seems incon- 
gruous. However, these occurrences are relatively rare. Van Caugh re- 
ported nine graft ruptures in 325 renal allografts over a 12-year 
period.”® All were associated with acute rejection. Additional causes 
that have been reported are ischemic renal damage, renal biopsy, per- 
fusion damage, trauma, and acute obstruction of the ureter. These au- 
thors have reported an appreciable incidence of secondary rupture in 
the same patient following repair. The symptoms are dramatic, with 
acute swelling and tenderness over the graft, pain, oliguria, and vas- 
cular collapse. On exploration, a large perirenal hematoma and a cor- 
tical laceration are found. Usually the bleeding is venous and can be 
controlled. Drainage of the hematoma is indicated with repair of the 
defect. A peritoneal graft is useful in reapproximation of the torn renal 
capsule. Marked swelling due to acute rejection is the usual cause, so 
appropriate antirejection therapy is also necessary. In half the survi- 
vors, the graft is ultimately lost, so heroic measures are of speculative 
benefit at best. 


Urogenital Malignancy 


Ito and Martin recently reported a case of adenocarcinoma of the 
bladder in a 36-year-old recipient of a graft four years previously." 
They found eight previous cases in graft recipients, including four 
transitional cell carcinomas, one squamous, one nephrogenic adeno- 
ma, and two adenocarcinomas. Isiadrinso has reported a renal cell car- 
cinoma in a transplant recipient that was noted incidentally in the pa- 
tient’s own kidney when bilateral nephrectomy was performed for 
severe hypertension.'® Martin has recently managed a similar case 
diagnosed on angiography following gross hematuria discovered at 
cystoscopy to be emanating from a ureteral orifice. While these lesions 
are decidedly rare, consideration of their existence must occur in un- 
diagnosed hematuria following renal transplantation, since the im- 
munosuppressed patient has a calculated likelihood of developing ma- 
lignancy of 100 times that of a normal patient.?! 
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Impotence 


As in any male patient suffering from chronic disease, there is an 
impairment in erectile potency in some patients undergoing hemodial- 
ysis. This is increased in the older patient. Libido and potency both 
show moderate improvement after renal transplantation.”’ In fact, the 
majority of men with functioning grafts can look forward to a return to 
sexual activity comparable to the level prior to development of azo- 
temia. 


TRANSPLANTATION IN THE PATIENT WITH UROLOGIC 
COMPLICATIONS 


Markland’s group originally described the application of urinary di- 
version in kidney transplantation in 1966 and later reported their expe- 
rience in 1972.'® This technique has been utilized with some initial 
success in small numbers of cases at a variety of centers. Castro and 
coauthors applied this technique on eight occasions in seven trans- 
plant recipients.* In six of these, the bladder had been previously re- 
sected or vesical outflow was seriously impaired. Patient mortality was 
50 per cent — all deaths occurred within nine months of surgery. They 
advocated vigorous antibiotic therapy in future cases to prevent septic 
complications of a similar nature. 

We have reimplanted the ureter into the bladder, avoiding the ileal 
loop whenever possible at our center. In most cases, these patients are 
urologic cripples, usually from delayed treatment of posterior urethral 
valves. The upper urinary tract deterioration has become irreversible 
by the time of diagnosis, and urinary diversion is undertaken in des- 
peration. Frequently, with careful attention to the lower urinary tract 
pathology with complete relief of the outlet obstruction, these bladders 
even when hypertrophied will function in a normal fashion with ac- 
ceptable voiding patterns. When this is proved to be the case, we have 
not hesitated to perform ureteroneocystostomy, even when the bladder 
has been contracted from disuse, in order to avoid transplant urinary 
diversion. More recently, Butt and coworkers report experience with 
two undiverted patients whose kidneys failed from obstruction due to 
posterior urethral valves and who responded nicely to renal transplan- 
tation and subsequent resection of the valves following ureteroneocys- 
tostomy.? Where possible, recontinuity of the urinary tract should be 
carried out in the patient with urologic complications with the utiliza- 
tion of urinary diversion only as a last resort. 


TEMPORAL SIGNIFICANCE OF UROLOGIC COMPLICATION 


There appears to be a significant relationship between the time of 
development of urologic complication and survival, both of graft and 
patient. Most experience emphasizes the importance of early diagnosis 
in the management of urologic complications. Smolev and associates,” 
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who most recently reviewed the literature on this subject, added 22 
episodes of either urinary extravasation or obstruction in their series of 
290 transplants (an incidence of 10.3 per cent). These patients under- 
went 38 exploratory procedures in the attempt to correct the urologic 
complication, and these procedures were successful in retaining a 
functioning graft in 63 per cent of cases, with only two deaths. These 
authors also found that operations performed after six weeks had 
elapsed following renal transplantation met with greater success than 
did early re-operations. They point out, however, that generally results 
of correction of ureteral obstruction, a late complication, are better 
than those for fistulas, which arise early in the postoperative period. 


SUMMARY 


The current overall reported incidence of major urologic complica- 
tions following renal transplantation is 5 per cent. The presence of 
such a complication increases the likelihood of patient mortality by a 
factor of three. Standard utilization of postoperative radionuclide scan- 
ning is very useful in early diagnosis. Vesical fistulas generally result 
from improper bladder closure. The incidence of bladder complications 
increases with secondary and tertiary grafts. Ureteral complications 
result when the blood supply of the ureter is impaired. These include 
fistula formation, necrosis, and obstruction. Immediate surgical cor- 
rection is indicated in almost all serious urologic complications follow- 
ing transplantation; otherwise there is marked increase in morbidity 
and mortality. Complications appearing early in the postoperative 
period carry a poor prognosis for both graft and recipient survival. The 
presence of urinary tract infection early in the postoperative period 
also correlates negatively with graft survival. The presence of multiple 
renal arteries in the donor has been associated with an increased rate 
of urologic complications. Ureteral fistulas can be avoided by meticu- 
lous dissection of the donor at the time of organ harvesting. Great care 
must be taken to preserve the arterial and venous blood supply to the 
ureter by avoiding any dissection into the renal hilum. Aberrant renal 
arteries. must be preserved or repaired if damaged. Ureteroneocystosto- 
my is the preferred method for re-establishing urinary tract continuity 
following transplantation. The immediate surgical correction of urolo- 
gic complications is mandatory, and the techniques involved are high- 
ly specialized and must be individualized with each patient. 
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Symposium on Organ Transplantation 


Hepatic Transplantation 
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Clinical liver transplantation has now been practiced for 14 years; 
the first orthotopic liver graft was performed by Starzl in 1963. In July 
1977 the Transplant Registry had 259 orthotopic transplants recorded. 
The Denver group has transplanted more than 120 livers, and our own 
Series from Cambridge and King’s College Hospital, London has 
reached 70 orthotopic transplants. A report on our first 60 cases has 
recently been published.? 

For patients with nonmalignant parenchymatous liver disease and 
those suffering from deficiency of essential enzymes produced by the 
liver, the possibility of grafting an extra or accessory liver is attractive, 
since this does not require removal of the recipient’s own diseased 
liver, which is often a difficult and hazardous procedure. Forty-three 
such transplants have been recorded but only two recipients are living, 
one of them, a case of Dr. Fortner’s, is alive more than four years after 
operation with good function in the transplant. 

In practice, transplanting an extra liver can be surgically unsatis- 
factory. In accommodating a bulky irregular organ in an abnormal si- 
tuation there is danger of kinking of vessels, particularly the vulnera- 
ble hepatic veins. Even with a liver satisfactorily vascularized, the 
increase in abdominal content may impair diaphragmatic movement 
and cause respiratory dysfunction. Better techniques of accessory liver 
grafting will no doubt be developed, but in this article I will reserve 
my comments to the orthotopic operation, which is a surgically accept- 
able procedure, the liver lying in its natural position. For primary ma- 
lignant disease of the liver the orthotopic operation is the only choice, 
as the diseased organ must be removed. Since there is a tendency for 
hepatomas to develop in cirrhotic livers, this would be another point in 
favor of the orthotopic operation in treatment of patients with cirrho- 


sis. 


*Professor of Surgery, University of Cambridge, Cambridge, England 
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INDICATIONS FOR ORTHOTOPIC LIVER 
TRANSPLANTATION 


In the 70 recipients in our series the indications fell into two main 
categories of malignancy of the liver and parenchymatous liver dis- 
ease. The details are shown in Table 1. Although four transplants 
were for metastatic cancer of the liver, we now feel that this is not a 
suitable indication for transplantation. Recurrence has occurred in all 
cases shortly after operation. It would seem that the secondary depos- 
its growing in the liver are unlikely to be the sole manifestation of the 
growth, which usually is widely disseminated throughout the body. 

Primary malignancy of. the liver may be suitable for treatment by 
liver grafting but it is difficult to exclude metastatic disease from the 
liver growth. All primary tumors should, if possible, be treated by par- 
tial resection. When, however, both lobes of the liver are affected or 
the remaining liver is severely cirrhotic, this cannot be done. Cholan- 
giocarcinoma has the reputation of being a slow-growing tumor and 
palliative intubation of the duct system to relieve jaundice is the most 
commonly practiced surgical procedure. Once cholangiocarcinoma has 
been diagnosed, it is likely that the growth will have been disseminat- 
ed by the diagnostic procedure of opening the duct and taking biopsies. 
Even when this has not been done, and the liver transplant is the first 
surgical procedure, recurrences have occurred. 


Table 1. Indications for Orthotopic Liver Grafting in 70 Patients 
Treated from May 2, 1968 to July 1, 1977 


Primary cancer of the liver and bile ducts 35 
Hepatocellular carcinoma pal 
Cholangiocarcinoma 12 
Kupffer cell sarcoma 1 
Hemangioendothelioma 1 


Metastatic cancer of the liver 4 


Cirrhosis 26 
Cryptogenic 
Primary biliary 
Alcoholic 
Post hepatitis 
Secondary biliary 
Subacute hepatic necrosis 
Sclerosing cholangitis 
Hemachromatosis 
Glactosemia 
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qa-Antitrypsin deficiency i 
Budd-Chiari syndrome 2 


Extrahepatic biliary atresia 3) 
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Figure 1. Primary cholangiocarcinoma producing jaundice when the tumor was still of 
small size. 


Thus, in one of our patients the clinical diagnosis was suspected 
and histology was obtained by needle biopsy at operation. It was felt 
that this growth could be favorably treated by liver grafting (Fig. 1). 
There was no evidence of dissemination of growth at operation and the 
patient’s postoperative course was uneventful. One year after surgery, 
however, the patient died from widespread recurrence of the cholan- 
giocarcinoma. Starzl has a patient surviving more than one year with- 
out evidence of recurrence, but the experience overall has been disap- 
pointing. 

Primary hepatoma may occur in association with cirrhosis or on 
its own. This tumor is extremely common in parts of southeast Africa 
and Asia. Patients usually die from metastatic growth within three to 
six months after diagnosis of the tumor and they often present with 
metastases in the lungs. 

In Europe this tumor may be much more slow growing. Differen- 
tiation from a benign hepatoma, such as that associated with taking 
oral contraceptives, may be difficult. Important features of malignancy 
are spread of the tumor into the venules of the liver and infiltration of 
liver tissue by malignant cells with no evidence of a capsule. Fifty per 
cent of the hepatomas in our series have produced alpha-fetoprotein. 
Although recurrence of hepatoma after transplantation has been dis- 
tressingly common, some patients appear to have been cured. One of 
our patients survived more than five years and died from cholangitis. 
At autopsy there was no evidence of recurrent growth. The longest 
current survivor is 3% years after operation. This young woman had 
had partial hepatic resection for tumor. Four years later the tumor oc- 
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curred in the remaining lobe. She was treated by orthotopic liver 
transplantation and is clinically free from growth and in excellent 
health. 

There is a good chance of offering palliation for cholangiocarcin- 
oma and hepatoma, but only a minority of patients can expect to be 
cured in the sense that all growth is eliminated with removal of the 
liver. 

Cirrhotic processes may be suitable for treatment by liver grafting 
if the liver disease is terminal and there is no serious disease of other 
organs. Since an accurate prognosis of cirrhosis is notoriously difficult, 
patients having been managed carefully by conventional methods re- 
quire skilled assessment. If it is clear that the patient is not going to 
be able to leave hospital or can only survive in a severely handicapped 
manner, then liver transplantation may be considered. The operation 
should not be offered to terminal, moribund patients, since they are 
unlikely to survive surgery. 

Alcoholic cirrhotic patients may be candidates for transplantation 
if they have given up alcohol and have reasonably stable personalities. 
Most alcoholics are, however, unsuitable because of their lack of coop- 
eration and reliability in attending follow-up clinics and taking im- 
munosuppressive treatment. 

Patients with hepatitis (HBsAg) antigenemia are a hazard to the sur- 
gical and nursing staff and to other patients, but if suitable precau- 
tions are taken, antigenemia per se should not exclude a patient from 
being considered for liver transplantation. One of our patients with a 
liver tumor and HBsAg antigenemia was treated with immune gamma 
globulin in the anhepatic phase of the operation and in the early post- 
operative phase. Now more than a year after liver transplantation he 
is in good health and his blood is free from HBsAg antigen. 

The cirrhotic patient who has developed intractable encephalopa- 
thy after a shunt procedure for variceal bleeding is a very suitable can- 
didate for liver transplantation. The lowered portal pressure is a bonus 
to the surgeon. 

The Budd-Chiari syndrome may also be a suitable condition for 
liver transplantation since the disease often produces distressing 
symptoms in young people and the prognosis is grave. We have been 
reluctant to do transplants in children and have only a limited experi- 
ence with patients suffering from extrahepatic biliary atresia. The rig- 
orous preoperative and postoperative investigations and side effects of 
steroids are particularly distressing to children, the latter stunting 
growth and producing cushingoid facies. Starzl, however, has shown 
that the best results are obtained in pediatric patients and believes 
that they should not be excluded on the grounds of age. 

Presently, acute hepatic necrosis is not a suitable condition for 
liver grafting because of the uncertain prognosis with modern inten- 
sive care. Some patients in severe hepatic coma will recover complete- 
ly, and to subject one of these patients to a liver graft would be ob- 
viously inappropriate; moreover, patients in acute liver failure are 
desperate operative risks. 
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PREOPERATIVE ASSESSMENT 


A patient referred for consideration for a liver transplant with pri- 
mary malignancy of the liver requires extensive investigation. First, it 
is important to confirm that the tumor is in fact a primary and is not a 
secondary tumor from an occult source, such as a small primary can- 
cer of the colon, kidney, or pancreas. With large tumors, needle biop- 
sies are performed. The patient’s blood is screened for alpha- 
fetoprotein and HBsAg antigen. Colloid and selenomethionine scan- 
ning may show uptake of selenomethionine by a hepatoma. Chest 
X-ray, intravenous urography, barium meal and follow through, sig- 
moidoscopy, barium enema, total body bone scan, and hepatic arterial 
and superior mesenteric angiography are routine investigations. Angi- 
ography of the inferior vena cava and abdominal lymphatics may be 
useful. Hepatoma is likely to spread to the lungs and hilar lymph 
nodes and micrometastases may be impossible to detect prior to trans- 
plantation. This defect of preoperative assessment must be accepted. 

In assessing patients with parenchymatous nonmalignant liver 
disease the most important requirement is to determine to what extent 
the disease is interfering with the patient’s way of life. If he is becom- 
ing increasingly encephalopathic and has repeated bleeds from varices 
with poor liver function, a prolonged prothrombin time, and low serum 
albumin, then liver transplantation can be offered to the patient. It is 
useful to determine whether the portal vein is patent by splenoportog- 
raphy or the venous phase of mesenteric arteriography. In cases of 
Budd-Chiari syndrome, a cavagram should be performed to make sure 
the main inferior vena cava is patent. In this condition the patient will 
need to be anticoagulated postoperatively. Failure to do this in one of 
our patients resulted in catastrophic thrombosis of major vessels a few 
weeks after a successful liver graft. 


DONOR OPERATION 


The donor should fulfill the requirements of a suitable kidney 
donor on a ventilator with brain death and an intact circulation. HL-A 
typing is performed but only for retrospective analysis. So far there has 
been no evidence of correlation of results and degree of match. It has 
generally been regarded as wise to adhere to blood group principles 
and avoidance of a positive leukocyte cross-match between recipient 
and donor, but when these rules have been transgressed, liver grafts 
(in marked contrast to kidney allografts) have functioned satisfactorily 
without evidence of acute rejection. 

Removal of the liver from the donor should not interfere with kid- 
ney removal, but the kidneys must not be removed first, otherwise the 
vasculature of the liver may be interfered with when the renal vessels 
are taken. The procedure we adopt is to skeletonize the liver and both 
kidneys with the circulation intact and then insert a catheter into the 
aorta via the right common iliac artery and drain the vena cava via 
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the common iliac vein. The aortic cannula is declamped and while 
exsanguination occurs, a cannula is inserted into the portal vein to 
start cooling the liver. This perfusion with Hartmann’s solution contin- 
ues while both kidneys are removed, taking Carrel patches of aorta 
and the renal veins up to the vena cava. 

After 1500 ml of Hartmann’s solution at 0° have been infused into 
the portal vein, the perfusate is changed to plasma protein fraction 
with additives.'!! While this perfusion is in progress, the liver is re- 
moved and inserted into a bowl containing iced saline. After 3 to 400 
ml of perfusate have gone through the portal vein, the cannula is re- 
moved and substituted for a smaller cannula, which is inserted into 
the hepatic artery through which 150 ml of the perfusate are infused. 

The liver in the bowl containing cold saline is inserted into a 
sterile polythene bag and this is inserted into another similar bag. This 
second bag is placed into a polystyrene box containing ice, which can 
be easily transported by car or plane. Twenty-seven livers removed in 
other hospitals and brought by road or air have had total ischemia 
times of between 2 and 10% hours. All 27 livers have functioned satis- 
factorily when transplanted orthotopically, maintaining the lives of the 
recipients. We believe that with such a simple and effective preserva- 
tion method, continuous perfusion apparatus is neither desirable nor 
necessary. 


THE RECIPIENT OPERATION 


The technique used is based on that described originally by Starzl 
and colleagues.’ Skilled and experienced anesthesia is of great impor- 
tance, since the recipients may be very ill prior to surgery and the 
operation imposes serious physiological demands on cardiovascular 
and pulmonary reserves. If the patient has a reasonable coagulation 
profile, a high epidural anesthetic is given together with light general 
inhalation anesthesia. The epidural is continued in the postoperative 
phase and permits the patient to inspire deeply and to cough immedi- 
ately after operation. If the patient has severe coagulation defects, so 
that an-epidural anesthetic would be contraindicated, the postopera- 
tive management is more difficult but may be helped by multiple and 
repeated intercostal blocks. 

During the operation the pulse rate, EKG, and arterial and central 
venous pressures are monitored continuously. Frequent estimations 
are made of the serum levels of potassium, calcium, and the arterial 
blood gases and pH. Large cannulae are inserted into tributaries of the 
superior vena cava to permit rapid intravenous infusions. Bilateral 
subcostal incision with upward vertical extension gives adequate expo- 
sure without opening the chest. If there is portal hypertension and coa- 
gulopathy, severe bleeding may occur without the severance of any 
large vessels, and it is essential to be meticulous with the technique of 
hemostasis, using suture ligation wherever possible. The structures of 


the free edge of the lesser omentum are separated from each other and 
controlled. 
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Once the donor liver is safely in the operating room, the Rubicon 
of recipient hepatectomy can be crossed. Dissection behind the liver 
should only start at this stage since hemostasis in this area may not be 
possible until the liver has been removed. The structures in the lesser 
omentum and the infrahepatic vena cava are clamped, divided, and a 
special clamp with a screw slip is applied to the inferior vena cava 
above the liver, including a cuff of diaphragm (Fig. 2). At this stage 
the return of blood to the heart may be impaired by 50 per cent and 
cardiac arrest may occur. Rapid intravenous infusion into the superior 
vena cava is usually necessary. This must not be excessive, otherwise 
the circulation can be overloaded producing pulmonary edema. All 
bleeding from the posterior abdominal wall is controlled. The donor 
liver is now removed from ice. 

The upper cava! anastomosis may be difficult to see, particularly if 
the donor liver is relatively large for the space available; 2-0 mersilene 
is used for this anastomosis. The donor and recipient portal veins are 
then anastomosed end-to-end. Just prior to completion of this the liver 
is flushed out with 500 ml of plasma protein fraction at room tempera- 
ture without any additives to remove potassium ions and acid metabo- 
lites that could be toxic if suddenly allowed to flood into the circula- 
tion. 

The vena cava below the liver is clamped. Clamps are removed 
from the portal vein and the vena cava above the liver. The donor and 
recipient venae cavae below the liver are anastomosed end-to-end with 
prolene, and a small Carrel patch of donor aorta containing the orifice 
of the celiac artery is anastomosed to the recipient hepatic artery close 
to the gastroduodenal branch (Fig. 3). On revascularization of the liver 


Figure 2. Removal of the 
donor liver with clamping of the 
hepatic artery, portal vein, and in- 
ferior vena cava above and below 
the liver. (Courtesy of the Malay- 
sian Journal of Surgery.) 
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Figure 3. Diagram of orthotopic 
liver transplantation with drainage of 
bile via a choledochodochostomy over a 
T-tube. (Courtesy of British Journal of 
Surgery.) 


the patient may require added bicarbonate and calcium to cover the 
outpouring of potassium ions and acidic radicals, not only from the 
ischemic liver but also from the territory drained by the clamped por- 
tal vein. 

The most common and serious complication following liver graft- 
ing has resulted from inadequate biliary drainage. Techniques using 
the cystic duct and gallbladder for anastomosis to the recipient gastro- 
intestinal tract, usually a Roux loop, have the disadvantages of a blind 
sump of common duct below the cystic duct that may accumulate 


Figure 4. Pedicle graft conduit with 
donor gallbladder. Hartmann’s pouch is 
anastomosed to donor common duct and 
the fundus is anastomosed to the recipi- 
ent common duct. Irrigating T-tube is in- 
serted with an irrigating arm through the 
upper anastomosis. Blood supply to the 
gallbladder is carefully preserved. (Cour- 
tesy of the British Medical Journal.) 
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sludge and a narrow cystic duct that may become blocked. Immuno- 
suppressive drugs predispose to cholangitis when there is no protection 
from reflux by the sphincter of Oddi. 

We have obtained good results with direct duct-to-duct- anastomo- 
sis (Fig. 3) when the donor and recipient ducts are of sufficient cali- 
ber, but normal common bile ducts can be as small as 2 mm in diame- 
ter. For a safe anastomosis microsurgical techniques are required. 
There must be no tension at the anastomosis, and a good blood supply, 
particularly to the donor duct, must exist. In the last two years more 
satisfactory results have been achieved using the gallbladder as a con- 
duit between the donor and recipient ducts without relying on the cys- 
tic duct (Fig. 4).! This technique has the advantage of preserving the 
sphincter of Oddi, eliminating tension, and providing well vascular- 
ized tissue for anastomosis. 

In addition, a special T-tube is used with a narrow irrigating limb 
inserted into the donor main duct system. Irrigation through this limb 
is instituted postoperatively with one liter of Hartmann’s solution con- 
taining heparin for 24 hours. This is to discourage the formation of 
sludge aggregates. At 10 days a cholangiogram is performed and if the 
results are satisfactory the T-tube is spigotted and is left undisturbed 
provided the patient’s condition is good, until three months later when 
another cholangiogram is performed. If bile drainage appears to be 
satisfactory the T-tube is removed. If the recipient common duct is 
unsuitable for anastomosis, the gallbladder conduit can be joined to a 
long Roux loop (Fig. 5).? 


\Falciform 
Ligament 


Figure 5. Diagram of the use 
of the vascularized gallbladder as a 
conduit between the donor common 
duct and along Roux loop of jejunum 
in a patient whose own common 
duct could not be used. Hartmann’s 
pouch is anastomosed to the com- 
mon bile duct of the donor and the 
fundus of the gallbladder to the 
Roux loop. (Courtesy of the World 
Journal of Surgery.) 


Colon 
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Two large tube.drains are brought out from each extremity of the 
wound and the patient is nursed in an intensive care area. In patients 
with severe cirrhosis, pulmonary arteriovenous shunts may cause diffi- 
culty in achieving adequate oxygenation of the blood and mechanical 
ventilation for 24 hours or more may be necessary. Respiratory infec- 
tion is a common hazard after liver grafting, so it is preferable for the 
patient to be extubated shortly after operation so that he can sit up, 
fully conscious, breathing deeply and coughing. 


IMMUNOSUPPRESSION 


Immunosuppression consists of the same regimen used in kidney 
transplantation, namely azathioprine and prednisolone, although in 
the first three postoperative days cyclophosphamide is given instead of 
azathioprine because of the latter’s hepatotoxic effects. 

Several of our patients have been weaned completely from predni- 
solone, and maintenance immunosuppressive drug dosage is generally 
less than that required in patients with kidney grafts. 

In Denver, antilymophocyte globulin is given but we do not use 
this agent. 


REJECTION 


Rejection can be very difficult to diagnose. Any impairment of liver 
function in the postoperative phase may indicate rejection. Needle 
biopsy of the liver is often unhelpful. We have found a positive leu- 
kocyte migration test* to be useful, and if the T-tube cholangiogram is 
normal in the presence of deteriorating liver function, the steroid dose 
is increased for a few days, as in the treatment of renal allograft rejec- 
tion crises. 

Rejection has been the cause of death in only four of our patients, 
a very much lower incidence than that observed with kidney grafts. In 
three of these patients, in addition to mononuclear cell infiltration of 
portal tracts and the presence of lipid-filled histiocytes in the walls of 
arterioles and in the sinusoids, there appeared to be a predilection for 
the small bile duct epithelium within the liver to be a special target for 
rejection. The appearances were not unlike those of primary biliary 
cirrhosis. The clinical features in these cases were relentless, with pro- 
gressive intrahepatic jaundice and relatively good parenchymal func- 
tion until preterminal liver failure. 


RESULTS 


Our overall results are shown in Table 2. In 35 patients trans- 
planted between 1968 and 1974 there were 11 deaths during or within 
the first postoperative week. Of the 35 patients transplanted subse- 
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Table 2. Results in 70 Orthotopic Liver Allografts at 
Cambridge-Kings College Hospital 
5 A es SE Se Se a ee ee ee ee 


DEATHS ALIVE 
Within lst 1to6 6 Months More Than Date of 
YEAR Month Months’ to 1 Year One Year Operation TOTAL 
1968 4 3 7 
1969 - te) 1 2 1 9 
(lived 5 yrs. 
3 mos.) 
1970 7 7 
1971 3 1 4 
1972 1 1 
1973 3 1 1 5 
(lived 2 yrs. 
1 mo.) 
1974 1 1 9 
19 Feb. 74 
1975 1 2 2 9) 1 8 
(lived 13 mos.) 30 Dec. 75 
(lived 14 mos.) 
1976 il 7 2, 2 5 iF 
(lived 1 yr.) 3 Oct. 76 
10 Nov. 76 
19 Nov. 76 
17 Dec. 76 
29 Dec. 76 
1977 4 6 10 
3 Feb. 77 
21 Feb. 77 
21 Feb. 77 
7 Mar. 77 
11 June 77 
1 July 77 
Total 23 29) 6 6 13 70 


quently, there were two deaths in this period. We believe that this im- 
proved early mortality is due to greater experience of surgeons and 
anesthetists and confidence in the preservation technique that has 
widened the pool of potential donors and has permitted transplanta- 
tion before a moribund state was reached. Eight patients lived more 
than a year, and of the present patients currently alive, one has sur- 
vived 314 years after operation. Our longest survivor died after 5 years 
and 3 months from biliary tract infection. 

Patients who have been discharged from hospital have often done 
extremely well, requiring less steroids than kidney graft patients, and 
are capable of full integration into society. One hundred and three pa- 
tients from the Denver series were transplanted more than a year ago.’ 
Twenty nine per cent survived a year or more. The Denver group 
pointed out that the mortality rate falls markedly in patients surviving 
beyond a year; half of their one year survivals are still alive. Fifteen 
patients are alive more than two years after operation, eight more 
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than three years, and four more than five years. The longest survivor 
is 7% years post transplantation with normal liver function; she lives 
at home and attends school. One female patient had a normal preg- 
nancy and gave birth to a healthy child. 

In our experience tumor recurrence has been common in patients 
with primary malignancy of the liver, but since palliation can be ex- 
cellent without completely eliminating the growth, there is no differ- 
ence in principle between treating a patient with liver cancer by trans- 
plantation and giving similar palliative surgery to a patient with 
cancer of the lung, stomach, or colon. Nevertheless, I believe that 
parenchymatous liver disease rather than primary malignancy should 
be the main indication for liver transplantation. 

We have been particularly interested in the low incidence of pro- 
gressive and uncontrollable rejection,® the human experience being 
similar to observations made in animal experiments. Studies from our 
group have shown that liver cells possess less MHC surface antigens 
than kidney cells, and that hepatocytes are more resistant to killing by 
allogeneic lymphocytes in tissue culture than are kidney cells. These 
may be relevant factors in the relatively privileged immunological 
state of the liver. The contributions of Kuppfer cells and hepatic me- 
tabolism may also be important. In two cases it has been shown that 
six months after grafting Kupffer cells became of host origin.* ® 

Patients referred for new and dangerous surgical operations are 
usually treated too late. With increasing confidence in the operation, 
enabling surgery to be performed a little earlier, the results of liver 
grafting for nonmalignant parenchymatous liver disease could well be 
better than those currently obtained with kidney grafts from cadaver 
donors. 
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Symposium on Organ Transplantation 


Heart Transplantation — 1978 


Francis T. Thomas, M.D.,* and Richard R. Lower, M.D.t 


The role of heart transplantation in the treatment of end-stage car- 
diac failure has been frequently discussed since Barnard’s initial case 
in 1967.* Animal experimentation prior to 1967 had demonstrated sat- 
isfactory technical procedures for accomplishing orthotopic transplan- 
tation” and also had shown that long-term survival could be achieved 
in the dog using prednisone and azathioprine immunosuppression.'® 
The initial enthusiasm following Barnard and Shumway’s early cases 
was high and in the 1968 to 1970 era, 167 transplants were performed 
by 58 teams. The high rate of graft loss to early acute rejection and of 
recipient death from rejection, infection, or a combination of these 
complications owing to inadequate or excessive immunosuppression 
quickly became apparent. By 1970 it was evident that the overall one 
year recipient survival was less than 25 per cent. Concurrently, how- 
ever, it also became clear that some recipients could achieve full and 
excellent rehabilitation for protracted periods of time. An example was 
a recipient at the Medical College of Virginia who achieved and main- 
tained full rehabilitation from end-stage cardiac disease from the time 
of his transplant in 1968 until his death from recurrent coronary artery 
disease in his transplanted heart in 1974, a period of nearly seven 
years. 

The poor overall survival of cardiac recipients resulted in a 
marked diminution in the number of transplants and transplant teams 
from 1970 to the present. In the 1971 to 1977 era, an average of 26 
transplants were performed yearly. The Stanford University team has 
performed the largest number, accounting for 35 per cent of all trans- 
plants, and reports an overall survival of 47 per cent of recipients at 
one year, 37 per cent at two years, and 24 per cent at four years. At 
least three other units have continued an active transplant program 
with long-term survival rates in the range of the Stanford results.* ”° ”7 

There are currently 77 patients surviving after cardiac transplan- 
tation and most have achieved high levels of rehabilitation. Thus, 10 
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years of cardiac transplantation have demonstrated that this proce- 
dure has both great potential and formidable limitations. The major 
questions to be answered are: (1) In what patients with end-stage car- 
diac failure is the procedure a reasonable option? (2) Can procedures 
be devised to improve the logistics or technology of donor procurement 
or the recipient operation? (3) What are the optimal systems for recipi- 
ent immunosuppression post-transplantation? (4) Are techniques avail- 
able for future use in reducing specific anti-donor immune reactivity 
(tolerance, enhancement, etc.)? 


CURRENT INDICATIONS AND CONTRAINDICATIONS 


The decision to perform a cardiac transplant in a patient with end- 
stage cardiac disease involves consideration of the comparative mor- 
bidity and mortality as well as the potential for rehabilitation with 
transplant therapy compared with medical therapy. The basic pre- 
sumption at the time of consideration of a patient for transplantation 
is that the potential recipient is receiving maximal medical treatment 
and has had the benefit of nontransplant cardiac surgery if indicated. 
About 10 per cent of potential recipients will have already received 
some form of nontransplant heart surgery, usually coronary artery by- 
pass, ventricular aneurysmectomy, valve replacement, or a combina- 
tion of the above procedures. If a patient presents with chronic conges- 
tive heart failure and New York Heart Type IV classification, 
refractory to maximal medical therapy due to extensive left ventricu- 
lar damage, he should be considered for cardiac transplantation. The 
one year prognosis for a patient who has a coronary artery bypass pro- 
cedure is 50 per cent or less and the operative mortality and postopera- 
tive morbidity are high.*° Such a patient might be expected to have as 
good a survival with cardiac transplantation as with a coronary artery 
bypass procedure and a greater potential for rehabilitation. 

In general, the etiology of the patient’s end-stage cardiac disease is 
not an important factor in the decision to proceed with cardiac trans- 
plantation. Both end-stage coronary artery disease with extensive myo- 
cardial damage and cardiomyopathy are current indications. Age is a 
consideration since older patients tolerate the rigors of chronic immun- 
osuppressive therapy poorly. In general, patients over the age of 50 to 
55 are denied transplantation, although clearly there can be no ab- 
solute age limitation. The mean age of recipients in most series has 
been 45 to 48 years. 

The single most critical hemodynamic contraindication to trans- 
plantation is the presence of a high pulmonary artery pressure that is 
elevated out of proportion to the pulmonary wedge, suggesting a high 
and fixed pulmonary vascular resistance. A pulmonary vascular resis- 
tance of 10 units or more has been suggested as a maximally tolerable 
level." This has been the largest cause of early death within one to 
two days after transplantation.’ 

Recently, our group has come to recognize a distinct subpopulation 
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of potential recipients whom we refer to as “exigent transplant recipi- 
ents.”” These patients are recognized by the critical nature of their 
heart failure at the time of presentation, which puts them at high risk 
for death within days. These patients are usually in cardiogenic shock, 
with oliguria and azotemia. They usually require massive doses of va- 
soactive drugs to support the circulation and often require endotra- 
cheal intubation and assisted ventilation. Many will have had cardiac 
arrests prior to transplantation or will arrest during the transplant pro- 
cedure before they can be placed on cardiopulmonary bypass. These 
patients are at higher risk for immediate loss of life without a trans- 
plant than the patients transplanted to date in both our series and 
others. 

While ail efforts should be made to avoid such acute situations, 
our experience would seem to indicate that a sizeable minority of po- 
tential recipients first present for transplantation in this condition. 
While the transplant survival will probably not be good with such pa- 
tients, the salvage rate may be acceptable since one can confidently 
predict a 90 to 100 per cent one month mortality without transplanta- 
tion. Thus, the “exigent recipient” group is a high risk group but also 
one in which transplantation has the clearest and strongest indica- 
tions. The only transplant technology required for “exigent recipients” 
in contrast to more stable recipients is the use of long distance trans- 
portation of the donor heart in order to improve donor logistics and 
ensure the availability of a donor heart within a few days.” The topic 
is covered in more detail later in this communication. 


PREOPERATIVE PREPARATION OF THE RECIPIENT 


There is little required in the way of preoperative preparation once 
the decision is made to transplant. The recipient is usually on maxi- 
mal medical therapy. The most frequent problem is a prolonged pre- 
transplant period (either because of iatrogenic hesitation or lack of a 
donor organ) that results in a high pretransplant patient attrition. In 
the Stanford series, all patients who were accepted for a transplant 
but did not receive a transplant because of logistical reasons were 
dead within a six month period with a mean survival of only one 
month. In three different series, roughly 30 to 50 per cent of patients 
accepted for transplantation will die before a transplant can be per- 
formed.®: 2° 22 The mean time required for obtaining a donor heart if 
long distance transportation is not used is 47 days, which is only 
slightly longer than the mean survival without transplantation. Thus, 
cardiac transplantation should be accomplished as rapidly as possible 
once the decision is made to accept the patient as a potential recipient. 

Pretransplant immunological testing should be performed, which 
includes testing the recipient for reactivity to a random donor panel of 
lymphocytes, HLA typing, and testing for T cell responder status.” The 
presence of a high percentage of preformed antibodies against a ran- 
dom donor panel would most commonly result from multiple blood 
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transfusions associated with a previous cardiopulmonary bypass proce- 
dure for heart surgery. Preformed antibodies are known to predispose 
the recipient to hyperacute rejection in kidney transplantation. This 
forms the rationale for their use in cardiac transplantation, although 
hyperacute cardiac transplant rejection is rare in humans. HLA typing 
is done but only for retrospective analysis, since neither our group nor 
others®? have found correlation of HLA matching and graft survival. 
On the basis of our experience with kidney transplantation supported 
by results in a single cardiac recipient, it may be valuable to do pre- 
transplant testing for recipient lymphocyte-dependent antibody to 
donor.*® This topic will also be discussed later under “immunological 
monitoring.” ae 

The question of pretransplant treatment of the recipient to induce 
a state of tolerance or active enhancement is an important one for con- 
sideration at present. Studies in primates*? and humans have suggest- 
ed that a degree of hyporesponsiveness to incompatible kidney trans- 
plants can be induced by blood transfusions. In human renal 
transplantation, one year graft survivals are 15 to 25 per cent better in 
recipients who have been transfused compared with nontransfused re- 
cipients.”4 In the case of cardiac transplants, no clear evidence of such 
hyporesponsiveness has been demonstrated in humans. However, our 
group has demonstrated in animal studies that two different tech- 
niques — recipient pretreatment with soluble antigen or treatment 
with allogeneic bone marrow — can apparently induce a state of hy- 
poresponsiveness to a subsequent cardiac allograft when combined 
with treatment with anti-lymphocyte globulin (ALG) in canines.” * 
The combination of such pretreatment with techniques of immunologi- 
cal monitoring, which might improve our knowledge of mechanisms 
facilitating graft survival, is clearly an important topic for animal ex- 
perimentation. Similarly, the deliberate pretransplant transfusion of 
human recipients needs to be analyzed intensively as a potential tech- 
nique for producing allogeneic hyporesponsiveness. 

Immediately pretransplant recipients are given 50 to 100 mg of a 
quality-controlled rabbit anti-thymocyte globulin (ATG) preparation 
previously described.*’ Patients also receive 200 mg of azathioprine 
and a total of 500 to 1000 mg of prednisone before or immediately 
after the operation. The ATG has been shown to reduce circulating T 
cell levels to less than 5 per cent of normal within 24 hours in over 90 
per cent of cardiac transplant patients studied.** 


SELECTION AND PREPARATION OF DONOR 


Donor hearts are obtained from patients suffering brain death who 
are preferably, but not invariably, hemodynamically stable. The donor, 
especially if he is a male, should be under age 40 because of the rela- 
tively high incidence of unsuspected coronary atherosclerosis in males 
above age 40. Donors over age 40 are acceptable if pretransplant coro- 
nary angiograms demonstrate coronary vessels free of significant ath- 
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erosclerosis. We have used human donors as young as nine years on 
the basis of animal experiments® that showed that a high degree of 
donor to recipient size disparity did not compromise cardiac output in 
the immediate posttransplant period. Our nine year old donor heart 
was also transported nearly 300 miles and had a total ischemic period 
of about three hours. The heart was transplanted into a 45 year old 
male and, despite the combination of size disparity and long period of 
ischemia, it functioned excellently, with the recipient coming off by- 
pass less than 30 minutes after the heart was revascularized. 

Hearts have been transplanted when the donor had obvious hemo- 
dynamic instability prior to cardiectomy. In two cases, the donor ar- 
rested prior to excision of the heart. While such situations are usually 
preventable and should be avoided whenever possible, severe hemo- 
dynamic instability is not an absolute contraindication to use of a 
donor heart. In one instance, the donor had no detectable peripheral 
blood pressure for 15 to 30 minutes prior to excision of the heart. De- 
spite this unfavorable situation and an ischemic period of three hours 
occasioned by the long distance transportation, the donor heart func- 
tioned excellently after revascularization. 

We have used donor pretreatment with steroids to reduce passen- 
ger leukocytes, since animal experience has suggested the importance 
of passenger leukocytes in cardiac allograft rejection. The donor is he- 
parinized prior to excision of the donor heart. The heart is immersed in 
saline or Ringer’s lactate at 4° C to provide rapid cooling of the myo- 
cardium. Cardioplegic solutions have not been used. 

The donor should be ABO compatible with the recipient. HLA 
matching does not appear to affect the results of cardiac transplanta- 
tion, and mixed lymphocyte culture (MLC) incompatibility of cardiac 
donor-recipient pairs in our institution has not correlated with rejec- 
tion indices or graft survival. Similarly, in a group of cadaver renal 
recipients“ neither short-term nor long-term graft survival correlated 
with MLC (or D locus) compatibility. A standard Amos long microlym- 
phocytotoxicity cross-match between donor and recipient is done 
whenever possible. In exigent transplantation using donor hearts re- 
moved from a distant institution and transported a long distance, the 
critical ischemic period does not permit crossmatching. In such cases, 
recipients should be screened pretransplant for random panel antibod- 
ies indicating presensitization which may predispose to hyperacute re- 
jection. 


THE RECIPIENT OPERATION 


The actual transplant procedure has only rarely been a problem in 
human cardiac transplantation. In the dog, the operation is technically 
more difficult. Therefore, the cardiac surgeon who has acquired a rea- 
sonable level of expertise in canine transplantation will generally find 
the human transplantation operation to be technically uncomplicated. 
The technique of the operation is shown in Figure 1. The cardiopulmo- 
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Figure 1. 


nary bypass technique is generally similar to that used for more con- 
ventional open heart procedures. Aortic cannulation for arterial pump- 
ing is preferred since groin wounds do not heal well in 
immunosuppressed patients. The venous cannulae need to be placed 
far laterally on the right atrial wall. The donor heart is prepared for 
transplantation by suturing the superior vena cava orifice and creation 
of a new atrial opening which begins at the inferior vena caval orifice 
and extends toward atrial appendage. In this manner, the sinoatrial 
node of the donor heart remains away from the right atrial suture line 
to avoid damage to the sinoatrial node. The atrial suture line is begun 
at the superior portion of the left atrium, continued down the left atrial 
wall, and then back up the atrial septum to the beginning of the left 
atrial suture line. A second suture is begun at the superior portion of 
the right atrium, brought down the right atrial side of the septum, and 
then back up the right atrial wall. The right atrial opening can be ex- 
tended further if necessary to match atrial sizes of donor and recipi- 
ent. During the period of suturing, the donor heart is topically cooled 


by irrigation of the pericardial sac with a Ringer’s lactate solution at 
a On 
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Following completion of the atrial suture lines, the pulmonary ar- 
tery of the donor heart is sutured to the recipient pulmonary artery 
with a running stitch of 3-0 polypropylene. Finally, the donor and re- 
cipient aortas are joined by continuous 3-0 polypropylene suture. Dur- 
ing this period, tapes on the cavae are released to fill the atrial and 
ventricular chambers with blood and to displace the air. Prior to re- 
lease of the aortic clamp, any residual air is aspirated from the aorta 
and cardiac chambers. As the heart warms, a spontaneous fibrillation 
usually develops and, in most cases, one or two internal defibrillatory 
shocks will result in a coordinated ventricular activity. An epicardial 
wire is placed for use as a temporary sensor of EKG voltage and for 
ventricular pacing, if necessary, in the postoperative period. In most 
cases, even with hearts removed locally and having an ischemic 
period of one hour or less, cardiotonic drug support is required in the 
immediate postoperative period. This is probably due to the high pul- 
monary vascular resistance, which the normal right ventricle of the 
transplant must pump against, and the resultant right ventricular over- 
load requiring cardiotonic support. 


POSTOPERATIVE MANAGEMENT 


Prophylactic broad spectrum antibiotics are given for 24 hours. 
The mediastinal drainage tubes can usually be removed in 24 to 48 
hours. Low doses of isoproterenol are usually necessary for one to 
three days postoperatively. Chest x-rays are obtained daily for the first 
week and weekly or biweekly thereafter. Viral titers are obtained 
weekly. Daily complete blood counts, differential white cell counts, 
and platelet counts are obtained. Clotting parameters, especially pro- 
time values, are used to adjust anticoagulant therapy in the postopera- 
tive period. Strict reverse isolation is utilized for the first postoperative 
week and mask precautions thereafter until steroid doses are reduced 
to 30 mg or less. 

The diagnosis of cardiac rejection is the most critical posttrans- 
plant diagnostic parameter. In severe or relatively unmodified rejec- 
tion, a variety of clinical symptoms and signs usually herald the rejec- 
tion crisis. These include fever, malaise, tachycardia, hypotension, 
and heart failure which is usually predominately right-sided. A gallop 
rhythm is a cardinal and early manifestation of rejection. Arrhyth- 
mias, usually atrial, and a right shift in the frontal axis may also be 
signs of rejection. Hemodynamic instability is the hallmark of a severe 
rejection crisis. At the other end of spectrum, mild rejection episodes 
are seen with few or no systemic signs of hemodynamic instability. 
Milder rejection episodes that are often difficult to detect are seen 
more commonly at present since the introduction of more effective im- 
munosuppressive agents, particularly ATG. 

The EKG voltage remains the single most valuable clinical param- 
eter of rejection. Limb lead voltage appears to be the most reliable 
harbinger of an acute rejection crisis, although chest lead recordings 
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and epicardial voltages may be useful in detection of early rejection.” 
A fall in the sum of the limb lead voltages of 20 per cent or more is 
generally a reliable sign of rejection, although the accumulation of 
pericardial fluid especially in the first week posttransplant may cause 
a voltage fall and give rise to a false diagnosis of rejection. The epicar- 
dial electrode may be useful here in distinguishing between pericardial 
fluid and rejection as a cause of lowered EKG.voltage. Effective sup- 
pression of early rejection activity, which can be accomplished by im- 
mune monitoring and ATG modulation of recipient immune reactivity, 
is therefore an important addition to the immunosuppressive regimen. 

Immunological monitoring to detect a prerejection state prior to 
the onset of clinical rejection is a practical and useful technique that 
we have utilized in our unit over the past three to four years.** These 
techniques appear to hold a large promise in future cardiac transplan- 
tation efforts and therefore will be detailed in another section of this 
communication. 

Endomyocardial biopsy using the Caves technique’ is a potentially 
useful procedure in the diagnosis of early rejection. Although the pro- 
cedure is an invasive one, complications have been quite rare. Despite 
the enthusiasm of this technique, however, legitimate questions con- 
cerning its accuracy and value in supporting or refuting the diagnosis 
of cardiac rejection remain. From a conceptual point of view, animal 
experimentation has indicated that severity of rejection varies among 
different areas of the myocardium and endocardium. The possibility of 
sampling errors is still an important consideration. The capability of 
the pathologist to predict histopathological or clinical patterns of rejec- 
tion confidently remains sub judice in our experience, although the 
Stanford group has felt more confidence in such analyses.!° Only a 
larger data base can establish the importance of this technique. It is 
probably pertinent to emphasize, however, that nearly 20 years of 
studies of the histopathology of rejection in the kidney have failed to 
establish clear-cut patterns of rejection activity, and the value of renal 
biopsy in diagnosis of early transplant rejection remains dubious. It 
seems to us that there is a reason to suspect that the same difficulty in 
biopsy determinations will be seen in the case of the heart. In addi- 
tion, while the contention that biopsy diagnosis allows earlier treat- 
ment of rejection is probably true, the belief that this alone is largely 
responsible for improved graft survival® is, to our minds, an optimistic 
one that requires more documentation. 

Immunosuppressive therapy can be divided into two types: main- 
tenance therapy and therapy for acute rejection. Prednisone and its 
derivatives as well as azathioprine (Imuran) remain the mainstays of 
maintenance suppressive therapy. Azathioprine is given at a dose of 
200 mg on the day of transplantation and daily thereafter until leuko- 
penia (white blood count less than 4000 to 5000) develops, whereupon 
the dosage is adjusted to the maximal level tolerated without leuko- 
penia. Prednisone is given at a beginning dose of 60 mg daily. If no 
rejection is seen, the dosage is gradually lowered to a level of 30 to 40 
mg daily by one to two months posttransplant. If infection develops, 
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steroid doses should be reduced to 30 mg within two to five days in 
most cases. After two to three months, both the frequency and severity 
of rejection episodes lessen and the prednisone dose can be tapered to 
30 mg. A dose of 25 to 30 mg should probably be maintained up to six 
months or one year, after which the dose may be slowly reduced to 15 
to 20 mg by two years posttransplant. Little is known of the precise 
requirements for long-term immunosuppression with some recent evi- 
dence that both steroids and azathioprine can be markedly reduced in 
cadaver Kidney transplant recipients with long-surviving allografts. 
This is probably unwise in cardiac allograft recipients and all of our 
long-term survivors have been maintained on maximally tolerable 
doses of azathioprine and at least 20 mg of prednisone daily. 

Maintenance doses of rabbit ATG is given intramuscularly in doses 
of 140 to 200 mg daily for the first five posttransplant days. Thereafter 
dosage is adjusted according to immune monitoring parameters (prin- 
cipally T cell levels and T cell reactivity) as described in the section on 
immunological monitoring. The first dose of ATG is given a few hours 
prior to transplantation after intradermal skin testing with 0.1 ml of 
ATG. In vitro studies show that this agent effects a reduction of T cell 
levels to less than 50 per cent of pretransplant values within 24 hours 
in all cases, so that prolonged or intensive pretreatment is not necessa- 
ry and may be counterproductive. Rabbit ATG is made and quality 
controlled by techniques previously described.** 4” Use of this agent in 
over 250 cadaver renal and cardiac transplants has indicated a high 
level of safety with no severe systemic or anaphylactic reactions. 
Platelet counts rarely fall below 100,000 per mm in renal transplants 
and are usually depressed in cardiac transplants to a similar range as 
is seen in nontransplant open heart cases. Thrombogenic activity of 
ATG has been seen both experimentally and clinically after use of this 
agent and aspirin suppositories (600 mg) are usually given at four to 
six hour intervals to counteract the platelet activating activity of ATG. 

If acute rejection is diagnosed, the patient is immediately given an 
intravenous injection of 1 gm of methylprednisolone and 100 mg of 
rabbit ATG intramuscularly. EKG monitoring is done every six hours 
until resolution of the rejection episode. Blood is drawn for immun- 
ological monitoring prior to the administration of antirejection drugs. 
If the clinical response to treatment is unsatisfactory or if the EKG 
voltage fails to show a rise within 24 hours, a 1 gm intravenous bolus 
and 100 mg of rabbit ATG are again given. A similar treatment proto- 
col is usually followed for the third day after diagnosis of rejection. 
Endomyocardial biopsy is performed if the diagnosis of rejection is in 
doubt. 

Similar to renal rejection crises, most cardiac rejections will re- 
verse with three to five days of antirejection therapy. Five to seven 
grams of steroids is a near-maximal dosage schedule beyond which we 
only rarely proceed. 

The most important drug in the prevention of early acute irrevers- 
ible cardiac rejection is a standardized preparation of ATG. In the 12 
recipients in our clinic given a quality-controlled preparation of rabbit 
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ATG over the last five years, irreversible rejection has not occurred 
during the first month. In contrast, of six patients given no ATG or 
ATG not standardized for potency, 5 (83 per cent) had irreversible 
acute rejection within the first posttransplant month. This experience 
entirely parallels results of ATG therapy in human renal transplanta- 
tion where the use of a quality-controlled preparation of ATG has pre- 
vented first month graft loss to rejection.*® Again, in canine cardiac 
transplants, ATG of high immunosuppressive potency has prevented 
first month rejection in all cases, whereas lower potency ATG results 
in a first month loss to rejection of 20 to 40 per cent of grafts.*° These 
results demonstrate the importance of using ATG of high potency in 
clinical cardiac transplantation as well as the importance of the appli- 
cation of principles developed in animal cardiac transplantation and 
human renal transplantation to the problems of human cardiac trans- 
plantation. 


IMMUNOLOGICAL MONITORING AND MODULATION OF 
CARDIAC RECIPIENTS 


More detailed discussions of the techniques utilized in monitoring 
and modulation of immune reactivity in both renal and cardiac recipi- 
ents in our units can be found in recent publications.**: **°” # There are 
two primary rationales for use of these techniques. They permit the 
modulation of immune reactivity to prevent early rejection crises and 
thus obviate the requirement for high doses of steroids in the early 
posttransplant period. Individual recipients vary widely in their re- 
quirements for immunosuppression, so that the types and doses of sup- 
pressive agents can be individualized and stereotyped immunosuppres- 
sive regimens avoided by use of monitoring and modulation systems.** 

The first insight into techniques for effective monitoring of recipi- 
ent immune reactivity to detect a prerejection state was described in 
1974.* Studies in renal transplant recipients demonstrated that main- 
tenance of a low level of circulating thymus-derived lymphocytes (“T 
cells’’) could markedly reduce the incidence of early rejection crises in 
both renal and cardiac allograft recipients. Our group began immune 
monitoring of cardiac recipients in 1973, so a five year experience with 
this technique has been accumulated to date. The results indicate that 
some monitoring techniques are valuable systems for current cardiac 
recipient care posttransplant. 

Figure 2 illustrates the high level of accuracy of these tests in pre- 
dicting an impending renal transplant rejection. Similar results have 
been obtained in monitoring cardiac transplant rejections, but the 
numbers are not as large so the renal experience will be analyzed as 
an overview of monitoring. Using the three monitoring systems, over 
95 per cent of rejections can be predicted at least 48 hours prior to 
onset of clinical rejection. The mean time from the first appearance of 
a positive monitoring test and time of onset of clinical rejection in 
renal recipients is 5.8 days. This provides an adequate time span to 
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Figure 2. Per cent of early acute rejections predicted (test results positive 48 or more 
hours prior to clinical rejection) by three immune monitoring assays (56 rejections). 


accomplish modulation of immune reactivity since ATG acts within 6 
to 12 hours to lower T cell levels, T cell reactivity, and K cell effector 
activity.** 

All of the immunological monitoring assays utilized provide test 
results within 8 to 96 hours after blood is drawn. T cell levels and K 
cell cytotoxicity results are available on the day that blood is drawn for 
testing. T cell reactivity (PHA blastogenesis) requires three days to ob- 
tain test results. As mentioned, results are available 48 hours or more 
prior to clinical rejection in virtually all cases so these systems are 
both sensitive and give early warning of impending rejection. 

The ultimate value of these systems in cardiac transplantation 
awaits further testing, but in our early experience the systems appear 
to be quite promising. In addition to providing an early and accurate 
warning of impending rejection, the systems allow the individualiza- 
tion of immunosuppressive therapy since individual recipients have 
been .found to vary widely in the response of their immune system to 
given doses of suppressive agents.** This is true both for ATG and the 
various steroid derivatives.*? Individualization of immunosuppression 
using immune monitoring would seem to be preferable to the systems 
of stereotyped suppression currently in use, most of them having un- 
dergone no important changes from the systems used in pioneering 
transplant units as early as 1964. Readers with a keen interest in this 
subject are referred to more comprehensive and more detailed ac- 
counts of use of these systems in renal and cardiac recipients.*! °® ** * 
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INFECTIOUS COMPLICATIONS OF CARDIAC 
TRANSPLANTATION 


Infections of both commonplace and unusual organisms is a large 
cause of death and morbidity in cardiac transplant secipients.”* These 
infections are more frequent than is seen in renal recipients, which is 
undoubtedly a manifestation of the intensified immunosuppression re- 
quired to prevent cardiac functional deterioration during rejection. 
Most of the infections occur early after transplantations in the setting 
of high doses of immunosuppressive therapy. In cardiac recipients, 
most infections are pulmonary and the mean number of serious pul- 
monary infections in the Stanford series was 2.4 per patient. In our 
own series, the incidence of pulmonary infection is 0.22 per patient. 
This may reflect the use of less intensive immunosuppressive therapy 
in our unit where the use of actinomycin and early high doses of 
steroids are avoided. 

Unfortunately, little is known concerning the immunological as- 
pects of transplant infection and. the relationship of suppressive drug 
therapy to infections. Steroids appear to be the most important sup- 
pressive agent in reducing host defenses against infections.” ** ATG 
has been studied in both clinical**** and experimental transplanta- 
tion*® and does not show a clear-cut relationship to infection. In pri- 
mates given high doses of clinical ATG or anti-lymphocyte globulin 
(ALG) for potency testing, the incidence of serious infections is similar 
to that in control animals in our series of over 100 rhesus monkeys 
given ATG.*® Balner has reported similar findings with ATG and ALG 
in primates.'! These results are not unexpected in view of the demon- 
stration by our group that rabbit ATG has a relatively high degree of 
selective activity against T lymphocytes with sparing of B lympho- 
cytes.** Also, in contrast to steroids ATG has no apparent effect on ma- 
crophages or gammaglobulin levels in the serum. Recently, our group 
has shown a correlation of depression of B cells (as measured by both 
the surface immunoglobulin and EAC rosette assays) with develop- 
ment of severe infectious complications. These findings are of impor- 
tance in clinical immunosuppression where the therapeutic index of a 
suppressive drug is nearly always a ratio of the drug’s effectiveness in 
preventing rejection compared with its propensity to foster infectious 
complications. 

Clinically, the most important element in transplant infection is 
prevention, which is largely a function of the use of immunosuppres- 
sive agents with a high therapeutic index and avoidance of high doses 
of steroids whenever possible. Avoidance of high doses of steroids is 
facilitated by the use of a potent ATG agent in the early posttransplant 
period to reduce the incidence of early rejection, which requires high 
doses of steroids to reverse. More precise definition of acute rejection 
crises with exclusion of diagnoses of false positive rejection also helps 
to reduce the use of high steroid doses. The most effective techniques 
for achieving this goal at present are the use of endomyocardial biopsy 
and immunological monitoring, which are discussed in other sections. 
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Reverse isolation procedures for the first posttransplant week and 
mask isolation for three months or until the prednisone dose is reduced 
to 30 mg or less are practiced routinely. The importance of avoiding 
infections is emphasized strongly to recipients. 

Routine surveillance for infection in cardiac transplant recipients 
consists of daily chest x-rays for the first postoperative week and 
biweekly or triweekly x-rays for the first posttransplant month. Month- 
ly chest x-rays should be obtained thereafter until the sixth month or 
until the patient’s prednisone dosage is reduced to 30 mg or less daily. 
If patients develop fever, a standard work-up is instituted including a 
complete physical examination, blood cultures, urine analysis and cul- 
ture, and culture of any wound drainage. Weekly viral titers for cy- 
tomegalovirus and herpes simplex virus are obtained. Any question- 
able infectious complications require intensive surveillance by 
infectious disease specialists who are an integral part of the transplant 
team. 

If clinical or x-ray evidence of pulmonary infection appears, the 
recipient is given a prompt and intensive work-up. Induced sputum is 
stained for bacteria acid-fast organisms and fungi. Further x-rays in- 
cluding tomograms may be necessary to establish the position or na- 
ture of a chest infiltrate. If diagnosis using these techniques is incon- 
clusive, the recipient requires prompt fiberoptic bronchoscopy and 
bronchial brushings. A recent article has advanced the concept of 
using the transbronchial biopsy in transplant recipients to obtain a 
more definitive diagnosis,'* but the relatively high incidence of compli- 
cations, including pneumothorax and bleeding at the site of biopsy, 
necessitates caution in its application. Special stains are necessary for 
diagnosis of fungal infections, Pneumocystis carinii, and other unu- 
sual infections, and the bronchial brush biopsy should be given direct- 
ly to an infectious disease consultant or the pathologist for this work- 
up. A diagnosis using these techniques is usually possible within 24 
hours. Appropriate antibiotic therapy is instituted usually on the basis 
of recommendations of the infectious disease consult. 

The most critical decision faced by the transplant surgeon in the 
setting of an established infection is management of immunosuppres- 
sive therapy. In kidney transplants, major improvements in patient 
survival have been effected by limiting rejection therapy (primarily 
high doses of steroids), allowing the graft to reject and returning the 
patient to dialysis. Since a satisfactory temporary cardiac assist device 
for transplant rejection is not currently available, this technique is in- 
appropriate for cardiac transplant. At present, however, there are two 
options for the problem of irreversible rejection: (1) Use of a heterotop- 
ic auxiliary cardiac transplant which presumably permits the sacrifice 
of the donor heart to rejection with survival of the recipient because of 
retention of his own heart. If the heterotopic model fulfills this expec- 
tation, then a larger range of suppressive therapy options would be 
available in the face of infection. (2) Use of cardiac retransplantation 
to salvage a recipient experiencing severe or irreversible rejection. Re- 
transplantation has been successfully performed by three cardiac 
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teams.® 27:28 This adds a new dimension to the current management of 
the cardiac transplant since irreversible rejection is not now tanta- 
mount to patient death, whereas severe and widespread sepsis usually 
is. Thus, the current immunosuppressive protocols for cardiac trans- 
plantation may benefit from a reduction of drug doses to reduce the 
incidence of severe sepsis, while accepting a higher incidence of graft 
rejection which can be successfully treated by retransplantation. 


PATIENT MANAGEMENT IN LATE POSTTRANSPLANT 
PERIOD 


After three months, acute graft rejection lessens in frequency as 
well as intensity. One rejection episode every 20 patient days in the 
early posttransplant period compared with one episode every 200 days 
has been observed in a large number of cardiac recipients." This less- 
ened frequency of rejection is, no doubt, a reflection of what Woodruff 
called ‘immune adaptation” 20 years ago.*! 

Acute rejection developing in cardiac transplant recipients at post- 
transplant periods over three months appears to be of a lesser intensity 
than early rejection, and in most cases can be treated on an ambula- 
tory care basis. We have treated such rejection episodes with ATG and 
steroids in a manner similar to the treatment of early rejection. Rabbit 
ATG has particular advantages in these situations since refractoriness 
to the ATG does not appear to develop as readily as is seen with horse 
ATG or ALG, which appears to sensitize the recipient more readily and 
thereby impair the response to the agent. 

In the late posttransplant period, especially after one year, a path- 
ological picture resembling coronary atherosclerosis develops as the 
largest cause of graft loss. Severe intimal proliferation and large ves- 
sel narrowing of the coronary circulation is the predominant histopath- 
ological lesion. While a variety of factors might be responsible for this 
lesion, it seems most likely to be the result of chronic intimal damage 
from an immune reaction." In our studies, antibody-dependent cell- 
mediated cytotoxicity (ADCMC) was shown to have a high correlation 
with chronic rejection in renal transplants.*® When ADCMC specific to 
donor target cells is demonstrated pretransplant, the likelihood of post- 
transplant chronic rejection was high. Our group has demonstrated 
correlation of pretransplant LDA activity and a clinical pattern of 
chronic rejection in a transplant recipient, and this immunological 
mechanism also may be at the base of chronic cardiac rejection. 

It has been suggested that coronary atherosclerosis in transplanted 
hearts can be delayed by long-term use of anticoagulants and anti- 
platelet aggregating agents.!! In the Stanford experience, this coronary 
sclerosis is also the largest cause of late allograft attrition. In 1970 
when chronic anticoagulant (Coumadin) and antiplatelet aggregating 
agent (dipyridamole) therapy was instituted, along with dietary restric- 
tions, the subsequent incidence of coronary atherosclerosis was said to 


HEART TRANSPLANTATION — 1978 349 


be markedly reduced as measured by serial coronary angiograms. 
These results might indicate that coronary atherosclerosis prophylaxis 
is effective in reducing the incidence of arteriographic coronary artery 
disease in the transplanted hearts, but does not clearly affect the re- 
cipient survival rate, at least not out to the five year mark. We feel 
that a larger data base is necessary to answer this question. In the 
case of renal transplants, anticoagulant therapy has not significantly 
delayed the onset or tempo of transplant atherogenesis. 


CARDIAC RETRANSPLANTATION 


Retransplantation of organs is an integral part of renal transplan- 
tation technology. The basis of immunosuppressive therapy at present 
is the use of moderate doses of agents to reverse rejection and aban- 
donment of kidneys whose vigor of rejection indicates a poor prognosis 
as well as high requirements for suppressive drugs to spare the organ 
from irreversible rejection. This thinking has improved patient surviv- 
al in renal transplantation. 

Credit for demonstrating the potential of cardiac retransplantation 
belongs to Shumway’s group, which has performed six retransplants to 
date with two survivors. Retransplantation of cardiac patients has 
been performed in relatively long-term survivors with slow deteriora- 
tion of graft function as well as in desperate cases of severe rejection 
early after transplantation. In our opinion, this option is an important 
addition to the current cardiac transplant management systems, since 
it represents the only viable option at present for severe acute irrevers- 
ible rejection or chronic rejection with medically refractory end-stage 
failure. Balloon pump assist is not rational since the cardiac failure in 
rejection is usually a right-sided failure and the primary liability of the 
balloon pump (infection) is a critically limiting factor of this therapy in 
immunosuppressed patients. No practical artificial heart assist device 
is available to tide the recipient over an acute rejection episode. Fur- 
ther work in this area may produce a practical device soon, but the 
invasive nature and external power supply connections of devices de- 
veloped to date render the immunosuppressed recipient highly suscep- 
tible to infection. 

Given the alternatives for use in an irreversible rejection, we 
would favor retransplantation. The use of a heterotopic heart trans- 
plant would permit a particularly advantageous milieu for retransplan- 
tation, since presumably the recipient’s own heart could temporarily 
sustain life while a retransplantation is planned and performed. If the 
heart experience is similar to the kidney retransplantation experience, 
results with a second transplant could be expected to be as good as 
with the first, especially in recipients who are chronically rejecting 
their first transplant after a rather prolonged period of satisfactory 


function. 
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LONG DISTANCE TRANSPORTATION AND 
TRANSPLANTATION OF HUMAN HEARTS 


This technique represents a newer approach to the problems of 
donor heart logistics. Our group and others have noted a high attrition 
rate in patients requiring transplantation who, because of donor scar- 
city, are unable to secure a donor heart.”” ” *° In May 1977, a patient 
with refractory heart failure presented for transplantation. The patient 
had been in the hospital continuously for three months and readily 
consented to cardiac transplantation involving long distance transpor- 
tation of a donor heart. Using the computerized organ retrieval system 
of the Southeastern Regional Organ Procurement Foundation, a donor 
heart became available within six days at an institution 680 miles 
away on May 9, 1977. Using a chartered jet with an air speed of over 
500 knots, the heart was harvested and transported to our institution 
where the recipient had been prepared for transplantation. The total 
time of ischemia was 3 hours 10 minutes. Storage of the heart was in 
a normal saline solution at 4° C. The heart fibrillated spontaneously 
and the patient came off bypass 38 minutes after cardiac revasculari- 
zation. The only cardiotonic drug support required was isoproterenol 
given at a rate of 8 wg per minute. EKG tracings and serum enzymes 
showed no evidence of myocardial damage. The patient was off cardio- 
tonic drugs in 48 hours. The patient remained hemodynamically stable 
until his death from rejection 31 days posttransplant. The heart 
showed minimal myocardial cytolysis at autopsy, presumably due to 
rejection injury. 

In all, our group has now performed long distance heart transpor- 
tation and transplantation in six patients.* All recipients were critically 
ill at the time of transplantation. Two recipients arrested prior to 
transplantation, three required endotracheal intubation and all three 
were in cardiogenic shock, requiring large doses of inotropic drugs. In 
all cases, it was possible to secure a satisfactory donor heart within a 
few days. Hearts were transported 870 miles, 610 miles, 240 miles, 
130 miles, 120 miles, and 460 miles. All hearts functioned well and 
the mean time from revascularization to the discontinuance of cardio- 
pulmonary bypass was 38 minutes. The range of cardiac ischemic 
times was from 2 hours 40 minutes to 3 hours 30 minutes. All patients 
were hemodynamically stable and required only small doses of isopro- 
terenol and/or dopamine to maintain good cardiac output. Five of six 
recipients were off cardiotonic drugs by 72 hours. In our experience 
there was no obvious clinical difference between the performance of 
these hearts and that of hearts with ischemic times less than one 
hour. Most donor hearts, even those with minimal ischemia, require 
cardiotonic drug support for one to four days post transplant, presum- 
ably due to the high pulmonary vascular resistance against which the 
donor hearts have to pump. These results are discussed in more detail 
in a recent publication.” 

These preliminary results have indicated the feasibility of obtain- 


*To date, nine patients have received a long distance donor heart and all have performed 
well hemodynamically, with five patients surviving. 
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ing donor hearts from an 800 to 1000 mile radius. Using more optimal 
cardiac preservation solutions,*! ischemic periods of 8 to 12 hours and 
nationwide transportation of hearts could potentially be achieved. With 
current donor procurement problems this system can apparently pro- 
vide an adequate donor heart in a week or less, which is an important 
factor in transplantation of the recipient who is critically ill. Even in 
the best current recipient groups, the mean patient survival is less 
than one month, which is not long enough in about one-third of cases 
to secure a donor heart locally. Since two groups have reported that 
about 30 to 50 per cent of potential recipients die before a donor heart 
can be procured, this approach to long distance transportation may im- 
prove donor logistics and provide a more optimal situation for trans- 
plantation of all recipients especially those requiring urgent cardiac 
transplantation. 


HETEROTOPIC CARDIAC TRANSPLANTATION 


The concept of an auxiliary heart connected in parallel with the 
failing heart was one of the earliest experimental preparations studied 
with a view toward cardiac transplantation.”! The auxiliary heart may 
be used to bypass the left ventricle only? or both the left and right 
ventricles by connecting donor and recipient right and left atria and by 
end-to-side anastomosis of donor and recipient pulmonary arteries and 
aortas. It remained for Barnard and Losman to perform physiological 
studies of auxiliary hearts in baboons and to apply the technique to 
humans in 1975. To date, the South African team has performed 17 
heterotopic human heart transplants with 12 survivors at a postopera- 
tive period ranging from one month to three years. 

The heterotopic model has the following advantages. In the event 
of failure of the transplanted heart from rejection, the recipient’s own 
heart can presumably sustain the patient’s life until another heterotop- 
ic heart can be obtained. Thus lower doses of immunosuppressive 
drugs could be given, accepting a greater risk of rejection but lessen- 
ing the risk of death from infection. The two hearts in tandem, both of 
which would be expected to have reasonably good right ventricular 
function, could more effectively pump against the high pulmonary 
vascular resistance present in the recipient as a consequence of chron- 
ic left ventricular failure and/or fixed pulmonary vascular changes. 
The early experience of the South African group has supported this 
concept.'* If the heterotopic operation could be accomplished with a 
higher rate of success (60 to 70 per cent or more than one year patient 
survival), the rationale for application of cardiac transplantation to 
New York Heart Class III patients with a low ejection fraction would 
be clearer since the one year survival of these patients with poor ven- 
tricular function is only about 70 per cent with medical or nontrans- 
plant surgical therapy.” 

Balanced against the potential benefits are the numerous unan- 
swered questions concerning this new procedure. (1) Does the proce- 
dure indeed allow utilization of a more safe immunosuppressive proto- 
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col and resultant reduction in infectious complications? The South 
African experience with 4 of 17 patients dying of early infection does 
not necessarily support this contention. (2) Can the already compro- 
mised recipient heart maintain an adequate circulation under the 
duress of an irreversible donor heart rejection and the potential re- 
quirement for acute donor cardiectomy? (3) Does the presence of a siz- 
able second heart in the right or left chest pose mechanical problems 
especially in relationship to lung function or venous drainage? (4) Can 
the parallel donor heart function effectively to support the circulation 
without coordinated contraction between the two hearts? (5) Does the 
recipient’s heart pose potential liabilities that would be effectively 
eliminated by excision and .orthotopic transplantation? Severe aortic 
regurgitation, left-sided stasis clots, or other potential sources for sys- 
temic or pulmonary embolization and left ventricular aneurysms 
which could serve as a nidus for clots or cardiac rupture are examples 
of such lesions that would render recipient cardiectomy and orthotopic 
transplantation the most appropriate therapy. (6) Will it be possible to 
differentiate donor and recipient EKG tracings at all times so that fall- 
ing EKG voltage signifying early rejection can be detected? In short, 
the heterotopic model is ingenious, has numerous potential advan- 
tages, but suffers from a lack of proven long-term success. Only much 
larger trials of this model will establish its role in future cardiac trans- 
plantation. 


COST EFFECTIVENESS IN CARDIAC TRANSPLANTATION 


Cost effectiveness is a concept that is achieving a high level of 
importance in medicine today because of the rapid increases in hospi- 
tal costs, the heavy burden on our federal government budget conse- 
quent to widespread commitments to support expanded health pro- 
grams in chronic disease and catastrophic illness, and the burgeoning 
technology of intensive medical care, much of which involves the use 
of expensive equipment and heavy outlay of the physician’s time. Re- 
cent publications detail a variety of aspects of cost effectiveness in 
surgery’ and cardiac surgery.”* 

Cardiac transplantation has been criticized for its high cost and 
low rate of success. Insurance carriers have been reluctant to pay the 
cost of cardiac transplantation despite their acceptance of renal trans- 
plant costs and the fact that the survival after cardiac transplantation 
approaches that of renal transplants at present. 

There is little published data on the costs of cardiac transplanta- 
tion and even less on the costs of medical therapy for patients with 
end-stage cardiac failure who are not transplanted. We have compared 
some parameters of cost effectiveness for cardiac transplantation and 
medical therapy for end-stage cardiac failure. We have detailed the 
medical costs of our recent recipients during their period of end- stage 
cardiac failure prior to transplantation. The mean yearly medical costs 
were $11,650 primarily related to prolonged periods of hospitalization 
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for end-stage cardiac failure refractory to medical therapy. The aver- 
age period of hospitalization for these patients was 2.4 months per 
year with a range of one to eight months per year. 

Our cardiac transplant costs are currently estimated to be in the 
range of $20,000 for the transplant year and $2,000 per year thereaf- 
ter. The portion of costs above $20,000 can be related to research- 
associated activity to which our cardiac transplant program is commit- 
ted. Thus, a current figure of $20,000 for the first transplant year is 
not an unrealistic one. If the recipient recovers satisfactorily from his 
transplant procedure, a figure of $2,000 per year thereafter would be a 
realistic one. 

Rehabilitation potential is an important element in cost effective- 
ness for at least two reasons. The effectiveness of therapy is often a 
function of the degree of rehabilitation and future medical costs are 
directly related to the patient’s health (ability to function with minimal 
medical care) and the best measure of a patient’s health is rehabilita- 
tion potential.?* In the case of patients with end-stage cardiac disease 
treated medically, the rehabilitation potential is quite poor. In contrast 
to end-stage renal patients who have a satisfactory temporary organ 
support system in the form of dialysis, cardiac failure patients have a 
low quality of life. Occupational rehabilitation is exceeding rare and 
the ability of the patient to function as a father or mother or as a hus- 
band or wife is similarly poor. 

The psychological price paid by the family for this failure of reha- 
bilitation cannot be quantitated in dollars and cents but the failure to 
achieve occupational rehabilitation can be. The occupationally rehabil- 
itated recipient contributes to society, supports himself, spares support 
money from welfare agencies, and pays taxes. It has been estimated 
that the cost to society of an occupationally incapacitated individual 
who previously earned a U.S. median wage of $13,000 is about 
$32,000 per year in support money and loss of occupational contribu- 
tions. In the case of cardiac transplant recipients, over 90 per cent 
who survive one to two years are either occupationally rehabilitated or 
possess the capability to achieve rehabilitation in this respect.” ”° 
Thus, one can estimate that about one third of end-stage cardiac pa- 
tients can be rehabilitated at present by cardiac transplantation, 
whereas two thirds of transplanted patients will die within the first 
posttransplant year or survive without rehabilitation. Calculating com- 
parative costs with consideration of the positive savings of occupation- 
al rehabilitation and the negative costs of rehabilitation failure, it 
would’ appear that cardiac transplantation expenditures are in the 
range of the cost to society of medical therapy for end-stage cardiac 
disease. 

Quality of life, a critical determinant of the effectiveness of either 
medical or surgery therapy for end-stage cardiac failure, is generally 
far superior with cardiac transplantation. While a much better data 
base is required to establish superiority of medical or transplant thera- 
py in end-stage cardiac disease, our preliminary studies of cost effec- 
tiveness would indicate that cardiac transplantation presently has an 
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‘advantage over medical therapy for end-stage cardiac failure. The 
major concern would seem to be the high early mortality after trans- 
plantation, but this compares favorably with the 100 per cent one year 
mortality for end-stage cardiac recipients who are not transplanted. 


SUMMARY 


This year marks the 10th anniversary of human cardiac transplan- 
tation. Results to date have indicated that this procedure can provide 
long-term survival and a high level of rehabilitation in 25 to 30 per 
cent of operated patients..There is good evidence that without the 
operation none of these patients would survive for longer than a few 
months. Transplanted hearts have functioned well for over nine years 
despite denervation and other physiological abnormalities. The major 
limiting factors in present-day cardiac transplantation are rejection 
and infection, both of which are consequences of inadequate or inap- 
propriate suppression of the immune system. 

Significant improvements and potentially significant innovations 
have occurred in clinical cardiac transplant management primarily 
during the last five years. These consist of: (1) improved immunosup- 
pression, especially antilymphocyte globulin (ALG), which markedly 
blunts immune reactivity and lowers early graft loss to rejection; (2) 
immunological monitoring, which offers potential for early and more 
accurate diagnosis of rejection and individualization of immunosup- 
pressive regimens to avoid oversuppression and undersuppression; (3) 
retransplantation, which provides an option in the case of irreversible 
or refractory rejection of the transplant; (4) long distance heart trans- 
portation, which has been shown to be feasible and to improve donor 
logistics; and (5) the use of a heterotopic (auxiliary) heart, which may 
provide at least a partial solution to some difficult problems such as 
the lack of temporary heart assist devices to support the circulation 
during severe rejection. 

The achievements of cardiac transplantation appear to be increas- 
ing. For the patient with end-stage cardiac failure unresponsive to 
maximal medical and nontransplant surgical therapy, transplantation 
is a realistic therapeutic endeavor that results in a 25 to 30 per cent 
long-range patient salvage and rehabilitation in a situation where no 
practical alternatives currently exist. 
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Symposium on Organ Transplantation 


Lung Transplantation 


Frank J. Veith, M.D.* 


To date, 38 patients have received lung transplants (Table 1). One 
patient survived 10 months and another survived six months.* 2! Al- 
though both patients derived a significant palliative effect, there have 
been no unmitigated long-term clinical successes; interestingly, only 
two patients have received a lung transplant in the last two years. 

Does this mean that the possibility for achieving success in human 
lung transplantation has been ruled out? The present communication 
will support the position that this is not the case by examining the 
three problem areas that hampered results with human lung trans- 
plantation and by outlining investigative efforts presently being made 
to overcome some of the problems in these areas of donor lung pro- 
curement, bronchial anastomotic complications, and allograft rejec- 
tion. 


DONOR LUNG PROCUREMENT 


Suitable donor lungs are extremely scarce. In our own experience, 
we have had more than 19 potential recipients but have only been able 
to perform five lung transplants. The remaining patients died because 
no suitable lung donor could be found, even after waiting periods of up 
to six months. This occurred despite the fact that more than 100 kid- 
ney donors are identified in our region annually. 

There are several reasons that make lungs harder to get than other 
donor organs.'”'° Even minimal ischemia of a donor lung produces 
transient malfunction after transplantation. This malfunction is poorly 
tolerated by a recipient who is almost totally dependent on his trans- 
planted lung. Thus, donor lung ischemia must be minimized, and this 
means that the donor and recipient must be located in the same insti- 
tution. This often requires cooperation that is impossible to get from 
the donor‘s family and from other physicians. In addition, pulmonary 
edema and pneumonia are common in prospective donors, most of 
whom have had long periods of tracheal intubation. Lastly, the size of 
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the donor lung, its hilar structures, and particularly its bronchus must 
approximate those of the recipient.'® '® 

The scarcity of donor lungs has had several secondary effects that 
have directly worsened the results of clinical lung transplantation to 
date. First, recipients have often come to operation in a cachectic, 
moribund state. Second, use of a poor donor lung has resulted directly 
in recipient death in at least two of the 38 patients (Cases 4 and 37 in 
Table 1). Of course, the nature of the donor lung defect was only rec- 
ognized retrospectively. Third, the scarcity of donor lungs has pro- 
duced a wide scattering of the human lung transplant experience. Re- 
sults with other new procedures have shown that a concentrated 
experience in a short time at a single institution is necessary to define 
problems and permit development of solutions that lead to success. 
And fourth, the shortage of donor lungs means that ideal recipients 
cannot generally be transplanted. Donors simply cannot be found for 
patients with rapidly fatal pulmonary insufficiency. Many of these pa- 
tients are young, free of sepsis, have other healthy organs, and will 
predictably die within a short time. 

An example of this situation is presented by some patients treated 
with extracorporeal membrane oxygenation. If the lungs of such patients 
continue to worsen after five days of oxygenator support, they will cer- 
tainly die.® In many ways, they are ideal lung transplant candidates, 
and we have considered this possibility on at least seven occasions. 
In only one instance, a patient in whose care we collaborated with 
Drs. A. Thomas and W. F. Blaisdell of San Francisco, was it pos- 
sible to find a donor lung. Lung transplantation allowed this patient to 
be removed from the extracorporeal support, and he survived for 10 
days on the function of his transplanted lung. His ultimate death was 
due, in large part, to the transplantation of an excessively large donor 
lung. This situation would not have occurred if a more ideal lung had 
been available. Thus, for many reasons, greater availability of donors 
should facilitate the achievement of better results with clinical lung 
transplantation. 

Clearly, this donor scarcity and its resulting ill effects would be 
remedied if we had available a method that permitted a lung to be 
harvested in one institution, preserved up to 20 hours, and transported 
to another institution for transplantation. If such a method did not add 
to the minimal ischemic damage of the transplant procedure, it would 
permit donor procurement almost anywhere in the world. Until recent- 
ly, no such system existed, and it had been found that lungs were 
more difficult to preserve without functional impairment than were 
other organs.!” !" 

Recently, we have developed a method which permits donor lungs 
to be preserved up to 21 hours, transported, and then transplant- 
ed.'’ This method includes flushing the inflated lung with a hypertonic, 
hyperkalemic solution against outflow resistance. With its vessels 
clamped, the lung is then immersed in this solution for storage. Trans- 
portation at 4° C is accomplished using a solid-liquid mixture of an 
organic chemical, 1-hexadecene. When left lungs so preserved are allo- 
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grafted into immunosuppressed dogs whose right pulmonary artery is 
immediately ligated, the function of the preserved transplant has been 
excellent and at least equal to the function of nonpreserved transplanted 
lungs. This is reflected in normal blood gas values and up to 40 days 
survival of the recipient animals whose only pulmonary function is pro- 
vided by the preserved transplant. The adequacy of the method is also 
indicated by the clarity of many of these preserved left lungs on chest 
roentgenograms, even in the early posttransplant period when ischemic 
damage jis at its peak.17 The experimental evaluation of this method is 
sufficiently promising that we believe it could be used in some clinical 
situations to help alleviate the shortage of donor lungs. 


BRONCHIAL ANASTOMOTIC COMPLICATIONS 


Complications resulting from imperfect healing at the bronchial 
anastomosis are the second major problem area in lung transplanta- 
tion. These complications can be considered the Achilles heel of 
human lung transplantation today since they have contributed directly 
to the death of most of the recipients who survived 10 days or more 
after operation.* 15 19 These bronchial complications include anastomot- 
ic disruption with air leakage, infection, bleeding, or stenosis and mu- 
cosal necrosis with aspiration pneumonia. 

These problems have generally been attributed to ischemia of the 
transplant bronchus which must be nourished retrograde by collater- 
als from the pulmonary artery. On this basis, some investigators have 
advocated revascularization of the transplant bronchial arteries by im- 
planting a button of donor aorta containing their origin into the recipi- 
ent aorta,” and this procedure has been carried out in two pa- 
tients.? However, this technique is difficult and adds to the complexity 
of the transplant operation. We and others, therefore, have tried to 
minimize bronchial problems by simpler operative techniques, such as 
shortening the donor bronchial stump, reinforcing the anastomosis 
with surrounding vascularized tissue, and using an intussuscepting 
anastomotic method.” * ® 1% 22 These techniques have almost eliminated 
bronchial problems in experimental lung transplants.” ” However, they 
continue to plague human transplant efforts, sometimes becoming 
manifest many weeks after operation.'® *! This late occurrence suggests 
that the pathogenesis of these complications is more complex than pre- 
viously thought and includes also rejection, high-dose corticosteroids, 
and size discrepancy between donor and recipient bronchi. 

In addition to the operative modifications already mentioned, po-- 
tential remedies to prevent bronchial problems include other technical 
improvements that are being developed, such as performing the anas- 
tomosis further within the lung where collateral vascular connections 
with the pulmonary artery and vein will be better.!° Methods to evalu- 
ate the adequacy of collateral supply are also under study. At present, 
however, development of improved immunosuppression without the 
need for high-dose steroids will probably be most important in elimi- 
nating bronchial anastomotic complications. 
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LUNG ALLOGRAFT REJECTION 


In evaluating the third major problem area in lung transplanta- 
tion, namely allograft rejection, several specific questions must be ad- 
dressed 
1. How can rejection be manifest in an allografted lung? 

Several years ago, we postulated that rejection in lung allografts 
could be manifest in one of two ways.'*”*> The first was in a classic 
form in which perivascular cuffs of round cells were prominent along 
with alveolar exudates containing pneumocytes and round cells. Radi- 
ographically this classic rejection was associated with transplant opa- 
cification, and functionally.it was associated with decreased trans- 
plant ventilation and perfusion. 

The second form of rejection, which we termed atypical or alveolar 
rejection, was observed in immunosuppressed animals and was char- 
acterized by the presence of fibrinous alveolar exudates with a relative 
paucity of round cells and no perivascular cuffing. Radiographically 
and functionally, this alveolar rejection was associated with trans- 
plant opacification and decreased ventilation without a corresponding 
reduction of blood flow. Thus, this atypical or alveolar form of 
rejection, which was never observed in autografts, could produce 
serious ventilation-perfusion imbalances and respiratory insufficiency 
such as had caused the death of several human lung transplant recipi- 
ents.'* 1% 24 Although the premise that this atypical or alveolar form of 
rejection was indeed rejection was at first disputed, its occurrence has 
been confirmed by several histological and functional studies from 
other laboratories.*: * > 
2. Has rejection contributed importantly to the poor results with 
human lung transplantation? 

The importance of this alveolar form of rejection is apparent when 
one attempts to answer this second question. Because classic rejection 
had not been observed on histological examination of many of the 
failed human lung transplants, it was thought that rejection had not 
been the cause of death.'*'*?4 Other factors such as ventilation- 
perfusion mismatching secondary to the presence of an emphysema- 
tous lung in parallel with a transplant were thought to be more impor- 
tant. On this basis, double lung transplantation was widely advocated 
for emphysematous recipients. 

Subsequent facts do not support the latter recommendation. Rejec- 
tion, often in the atypical alveolar form, seems to have been a very 
important cause of the poor transplant function that has contributed to 
the disappointing results with clinical lung transplantation.'* If rejec- 
tion can be prevented, a single functioning lung transplant seems to 
be enough to provide adequate pulmonary function as it did for one 
emphysematous patient who survived for six months after receiving a 
single lung transplant.” When his allograft was not rejecting, he was 
greatly improved clinically and had a normal carbon dioxide tension 
and arterial oxygen tensions up to 71 mm Hg with minimal 
ventilation-perfusion imbalance. 
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3. How can lung allograft rejection be diagnosed? 

Rejection in a lung allograft can best be diagnosed at present by 
the rapid appearance of an infiltrate on plain chest roentgenogram ac- 
companied by fever, leucocytosis, a decrease in arterial oxygen ten- 
sion, and, importantly, no change in the sputum bacteriology.”° Serial 
Gram stain examination of the sputum is most helpful in evaluating 
the latter point. 

Obviously, better methods are needed to reliably differentiate re- 
jection from pneumonia which can present in almost identical fashion. 
In the laboratory, in this regard, transthoracic needle biopsy has 
proved helpful whereas transbronchial biopsy has not.® In addition, we 
are presently evaluating cytological examination of alveolar lavage 
fluid as a method to provide safely more reliable differentiation be- 
tween pneumonia and rejection.! 

4. Can lung allograft rejection be reversed? 

In the majority of instances when it occurs, lung allograft rejec- 
tion can be effectively reversed by the administration of large intra- 
venous bolus doses of methylprednisolone.”® This has been shown to be 
true with both clinical and experimental lung allografts. In the latter 
instance, the occurrence and reversal of rejection have been documented 
both radiographically and histologically. 

5. Can lung allograft rejection be prevented? 

The answer to this most important question is, ‘Yes, but.” Several 
patients, including the one who survived six months, had minimal evi- 
dence of any serious pathology in their graft.'*”!: This indicates that 
permanent changes secondary to rejection can, on occasion, be pre- 
vented with present immunosuppression. However, it cannot be pre- 
vented in all or even the majority of instances, either clinically or ex- 
perimentally.'* 23 Furthermore, present nonspecific immunosuppression 
exacts a vicious toll in lung transplant recipients as it does in recipients 
of other organs. Clearly, therefore, there is a pressing need for more 
effective, safer immunosuppression if widespread successful clinical 
lung transplantation is to become a reality. 


RELATIONSHIP BETWEEN LUNG TRANSPLANTATION 
AND LONG-TERM EXTRACORPOREAL MEMBRANE 
OXYGENATOR SUPPORT 


Recently, membrane oxygenators have been used successfully to 
provide supplementary oxygenation for patients with acute respiratory 
insufficiency for periods up to two weeks. The relationship of lung 
transplantation to such systems of subacute extracorporeal artificial 
oxygenation remains to be precisely defined. 

Almost certainly the two modalities of treatment will be comple- 
mentary. Partial bypasses employing membrance oxygenators may be 
useful to support lung transplant recipients through critical periods of 
transplant functional insufficiency. Similarly, patients who cannot 
survive withdrawal of extracorporeal support after several weeks may 
be candidates for lung transplantation. 
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The objectives of transplantation of the whole pancreas or of the 
islets of Langerhans are the same — to establish normal carbohydrate 
homeostasis in patients with diabetes mellitus. Hopefully, correction of 
their disordered metabolism will prevent the development and progres- 
sion of microangiopathic lesions that affect the eye, heart, kidney, and 
other organ systems. The islets of Langerhans are scattered through- 
out the pancreatic parenchyma and normally secrete insulin from 
their beta cells in response to an elevation in the plasma glucose con- 
centration. Although normal carbohydrate metabolism can be restored 
by the transplantation of immediately vascularized whole pancreas 
_ grafts, a high morbidity and mortality accompany complications that 
arise from the exocrine portion of the gland.”° 

Islet cells comprise only 1 to 2 per cent of the entire pancreas. 
Other endocrine tissue can be successfully transplanted without im- 
mediate vascularization.*® These facts provide a rationale for transplan- 
tation of pancreatic islet tissue as a free graft. 

Initial attempts to transplant adult pancreatic fragments as free 
grafts were unsuccessful, because the associated exocrine enzymes 
autodigested the transplanted tissue or injured the host.® In the last 
several years, techniques have been developed to overcome these diffi- 
culties. Diabetes can be completely ameliorated in experimental an- 
imals by transplantation of: (1) islets specifically isolated from adult 
pancreas, (2) exocrine-poor fetal or neonatal pancreas, or (3) dis- 
persed adult pancreatic tissue partially depleted of exocrine enzymes 
and implanted in a site that tolerates the introduction of an impure 
islet preparation. 

Clinical application of these techniques is just beginning. In our 
initial clinical trials, allograft rejection and procurement of a suffi- 
cient quantity of islet tissue from one pancreas to completely ame- 
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liorate the diabetic state were major problems. Islet tissue is very sen- 
sitive to rejection effector mechanisms, and new approaches to 
immunosuppressive therapy are needed. The problem of islet yield, 
however, is not as formidable as it previously appeared. 

A pancreatic dispersal technique has been developed in dogs that 
allows enough islet tissue to be obtained from one pancreas to ame- 
liorate the diabetic state.2° 3 We have successfully applied this tech- 
nique clinically for autotransplantation of pancreatic islets after near 
total pancreatectomy for benign disease. Another recent innovation — 
pharmacologic reduction of exocrine tissue mass and enzyme con- 
tent — enables the dispersed pancreatic tissue from one donor rat to be 
divided and to restore to normal the carbohydrate metabolism of four 
or more diabetic recipient rats. If this technique can be adapted for 
clinical use, theoretically one pancreas could be used to treat more 
than one diabetic patient, a potential that does not exist for whole pan- 
creas transplantation. 

Experience with islet transplantation in experimental animals is 
extensive. We will summarize these investigations as a background for 
a description of our clinical experience with allo- and auto- 
transplantation of human islets of Langerhans. 


EXPERIMENTAL ISLET PREPARATION AND 
TRANSPLANTATION IN ANIMALS 


Transplantation of Isolated Adult Islets 


The technique for isolation of islets from an adult pancreas entails 
disrupting the exocrine tissue by retrograde perfusion of fluid through 
the pancreatic duct,”” mincing the pancreas, and dissociating exocrine 
and islet tissue by digestion with collagenase.*’ Islets are physically 
less dense than other pancreatic components, so they can be separated 
from exocrine tissue by centrifugation in a discontinuous density gra- 
dient of Ficoll —a polymer of sucrose.?* Although a relatively pure 
preparation of islets can be obtained by this method, the yield is low. 
For example, only 200 to 400 islets — less than 10 per cent of the total 
number — can be isolated from one rat pancreas. As a consequence, 
many donors are required to obtain a sufficient quantity of islets for 
transplantation. 

Alloxan and streptozotocin are selectively toxic to pancreatic islet 
beta cells, and are the two drugs most commonly used to induce diabe- 
tes in rats. The efficacy of islet transplantation was first shown in ex- 
periments using inbred strains of rats. Transplantation of islets, isolat- 
ed from normal rats, to the peritoneal cavity of isologous rats with 
drug-induced diabetes can ameliorate the diabetic state; the complete- 
ness of amelioration depends on the number of islets transplanted.*: * 
The efficacy of islet transplantation is increased by embolizing the 
islets to the liver via the portal vein. The same number of islets that 
only partially ameliorate the diabetic state when transplanted intraper- 
itoneally can completely normalize plasma glucose levels and glucose 
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tolerance tests when transplanted to the portal vein.'” The islets lodge 
within portal venules and do not cause deterioration in liver func- 
tion. ** The portal vein provides an immediate blood supply for the 
transplanted islets and assures that insulin released from the trans- 
planted islets reaches the liver in high concentrations, thus simulating 
normal physiologic conditions. 

Transplantation of isolated islets to the peritoneal cavity or portal 
vein of pigs,*! monkeys,** and dogs?’ with diabetes induced by either 
pancreatectomy or streptozotocin can partially ameliorate the diabetic 
state. However, the technique is less successful in large animals than 
it is in rats, primarily because the lack of large animal inbred strains 
makes it difficult to use multiple donors to compensate for the low 
yields of islets from one pancreas. 


Transplantation of Dispersed Neonatal Pancreas 


Neonatal pancreas possesses an extraordinarily low exocrine en- 
zyme content (5 per cent that of an adult) and a relatively high per- 
centage of islet tissue.** °° Although only 4 per cent by weight of an 
adult rat pancreas, neonatal rat pancreas possesses 11 per cent of the 
adult islet mass. These properties permit neonatal rat pancreas, dis- 
persed by mincing and collagenase digestion, to be transplanted with- 
out specific islet isolation.** Islet tissue is destroyed during the dispers- 
al procedure and multiple neonatal donors are required if 
transplantation is to the intraperitoneal site.***° 4* However, if trans- 
planted via the portal vein, the infusion of two donor pancreases, dis- 
persed by collagenase digestion for 40 minutes, will completely ame- 
liorate diabetes,*° and one donor pancreas is sufficient if the period of 
collagenase digestion is reduced to two minutes, the minimal time 
necessary to allow the tissue to pass through a 23 gauge needle.*! 
When only minimum quantities of islet tissue are transplanted it takes 
several weeks for the normalization of plasma glucose to occur. The 
interval between transplantation and amelioration of diabetes is short- 
ened, however, as the quantity of tissue transplanted is increased.*” 

An additional benefit of using neonatal donors is the fact that the 
islet tissue can be prepared from pancreas removed up to three hours 
after death.”* If infant human pancreas can tolerate a similar period of 
warm ischemia, an increased number of donors will be available. 


Transplantation of Dispersed Adult Pancreas Without Specific Islet 
Isolation 


Previous failures of transplantation of adult pancreatic fragments 
led to the concept that a pure pancreatic islet preparation was neces- 
sary for successful transplantation. However, the success with trans- 
plantation of dispersed neonatal pancreatic tissue suggested that adult 
pancreatic tissue could be successfully dispersed and transplanted 
without specific islet isolation if exocrine enzyme contamination was 
minimized. The validity of this hypothesis was first shown by Kramp 
et al.,!? who cured diabetic mice by using pancreatic fragments pre- 
pared from a pancreas in which exocrine tissue atrophy had been pre- 
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viously induced by duct ligation. We have achieved the same objective 
in rats by pretreating the donor animals with DL-ethionine, a methion- 
ine analog that is selectively toxic to the exocrine pancreas.** The pan- 
creases of these rats had a markedly reduced exocrine enzyme con- 
tent. When dispersed by collagenase digestion and transplanted to the 
portal vein, the tissue from one DL-ethionine treated donor pancreas 
could be divided between four recipient rats and still completely ame- 
liorate diabetes. These experiments demonstrated that if we can elimi- 
nate the steps necessary for actual islet isolation, one dispersed pan- 
creas can provide a sufficient quantity of islet tissue for successful 
transplantation. 

Duct ligation, or treatment with DL-ethionine, prior to donor pan- 
createctomy may not be applicable clinically. Fortunately, these ma- 
neuvers may be unnecessary. Mirkovitch and Campiche* showed that 
totally pancreatectomized dogs became normoglycemic after auto- 
transplantation to the spleen of pancreatic tissue dispersed by mincing 
and collagenase digestion alone. Transplantation to the portal vein 
was also successful in obviating the lethal diabetes that follows total 
pancreatectomy.*® 

We confirmed and extended the observations of Mirkovitch and as- 
sociates in a series of experiments on totally pancreatectomized 
dogs.”° ?!-49 In our experiments, the pancreatectomized dogs that were 
not treated with islet transplantation had plasma glucose concentra- 
tions of over 400 mg per 100 ml and died at one week. In contrast, 20 
of 21 totally pancreatectomized dogs survived indefinitely and became 
normoglycemic (plasma glucose < 150 mg per 100 ml) after autotrans- 
plantation in the spleen of pancreatic tissue digested with collagenase 
for 15 to 25 minutes. Glucose tolerance test curves in transplanted an- 
imals were nearly normal (Fig. 1). Transplantation results were poor if 
the period of collagenase digestion was less than 10 minutes. For 
transplantation to the spleen, the tissue had to be implanted directly 
into the splenic pulp by puncture of the splenic capsule; embolization 
of tissue via the splenic artery was not effective.?! The recent success 
of surgeons in repairing splenic injuries in humans* suggests that this 
technique may be clinically applicable. 

Infusion of collagenase digested autologous pancreatic tissue into 
the portal vein also ameliorated diabetes in pancreatectomized dogs,”! 
but the results were not as good as when the tissue was implanted in 
the spleen. Although the portal vein is a good location for transplanta- 
tion in the rat, the dog is particularly susceptible to portal hyperten- 
sion. Therefore, the splenic pulp is a superior graft site in the dog. 

There are several reasons why this new technique for transplanta- 
tion of dispersed adult pancreatic tissue has succeeded. First, 90 per 
cent of exocrine enzyme activity is destroyed during collagenase diges- 
tion.”' Second, collagenase digestion reduces the tissue fragments to a 
size that allows them to survive by nutrient diffusion until neovascu- 
larization occurs. Third, the spleen and liver can tolerate the introduc- 
tion of exocrine tissue, perhaps because their rapid sinusoidal blood 
flow dilutes or inactivates residual exocrine digestive enzymes. Al- 
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Figure 1. Intravenous glu- 
cose tolerance test curves in pan- 
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dispersed by collagenase digestion 
for 20 minutes and transplanted to 
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though collagenase digestion destroys islet cells as well as the exo- 
crine enzymes, more islet tissue is available for grafting because the 
steps necessary for islet purification have been eliminated. Collagen- 
ase digestion alone, if carried out for a critical length of time, provides 
the proper balance between the degree of tissue dispersal, depletion of 
exocrine enzyme content, and islet recovery for successful grafting of 
pancreatic fragments. 


SPECIAL PROBLEMS IN ISLET TRANSPLANTATION 


Experiments in rats show that islet tissue is extremely immuno- 
genic and exquisitely sensitive to allograft rejector effector mechan- 
isms.*° 4° If these observations can be extrapolated to the clinical situa- 
tion, it would be advantageous to transplant cadaver islet tissue only 
to recipients who are well matched to the donor with respect to histo- 
compatibility antigens. For tissue typing of the donor and for recipient 
selection and preparation to be logistically feasible, a practical tech- 
nique for short-term preservation of islet tissue is needed. Islet allo- 
transplantation and islet preservation are receiving intensive laborato- 
ry study. 


Islet Allotransplantation 


The survival of islet allografts in rodents treated with a general- 
ized immunosuppressive regimen is much shorter than the survival of 
kidney, heart, and skin allografts in animals that are similarly immun- 
osuppressed.** Increasing the quantity of islets transplanted can par- 
tially compensate for the increased susceptibility for rejection.” 
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Islet allografts will survive indefinitely in inbred mice or rats if 
immunologic tolerance to the donor strain of animals is induced by 
classic techniques during the neonatal period.'!*° Islet allograft sur- 
vival is greatly prolonged in rodents treated with enhancing antisera,” 
or with donor antigens according to a schedule that produces a state of 
specific immunological unresponsiveness.*!*” Unfortunately, these 
techniques are not easily applied to large animals, including man. 
Currently, we must rely upon generalized immunosuppression for clin- 
ical allotransplantation. 

We have performed islet autografts in totally pancreatectomized 
dogs treated with azathioprine and prednisone according to a schedule 
used for clinical immunosuppression.*? Prednisone, although effective 
as an immunosuppressant, is also diabetogenic. Immunosuppressed 
dogs that received islet autografts had inferior glucose tolerance test 
curves when compared with islet autograft recipients that had no im- 
munosuppressive treatment. Carbohydrate metabolism improved as 
the dose of prednisone was reduced. In spite of the diabetogenic ef- 
fects of prednisone, the results of islet allografts in the pancreatec- 
tomized dogs were encouraging. Azathioprine and prednisone prevent- 
ed rejection in 8 of 24 canine islet allograft recipients. Seven of the 
eight successfully allografted dogs remained normoglycemic for a 
mean of 33 + 4 S.E. days, until death occurred from complications re- 
lated to immunosuppression or surgery. The other dog has remained 
normoglycemic for over eight months, with no signs of rejection. 

Although the outlook for islet allografts is not as bleak as original- 
ly indicated by the results in rats, it is apparent that improved meth- 
ods for preventing rejection are required if the indications for clinical 
islet transplantation are to be broadened. 


Islet Preservation 


Three methods of islet preservation have been investigated: 
(1) storage at 37° in tissue culture media; (2) storage in the cold at 4 
to 10°C; and (3) freezing to —196° C in the presence of cryoprotec- 
tants such as DMSO. Islets maintain the ability to secrete insulin in 
response to glucose after days or weeks of preservation by any of the 
three methods.” '-** The ability to ameliorate diabetes after transplan- 
tation, however, is a more critical test of viability. Adult and neonatal 
rat islets maintained in tissue culture at 37° C for up to three weeks 
have been successfully transplanted.'* 47 Fetal rat pancreatic tissue 
frozen to —196°C for 10 days before transplantation has also ame- 
liorated diabetes. '® 

Since storage in the cold is the simplest preservation method and 
requires the least amount of equipment, we have concentrated our ef- 
forts on this technique. Diabetes was ameliorated in 18 of 18 rats by 
the intraportal transplantation of neonatal islet tissue stored for up to 
63 hours at 4° C in tissue culture media that contained homologous 
plasma.” This technique is more difficult to apply to adult islets, but 8 
of 16 totally pancreatectomized dogs that were autotransplanted with 
dispersed pancreatic tissue, stored in tissue culture media at 4° C for 
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24 hours, became normoglycemic and survived indefinitely.*? Since 
normoglycemia occurred in only one-half of the recipients, attrition of 
islet tissue must have occurred during storage. However, even in the 
eight dogs that remained hyperglycemic, mean (+ S.E.) survival was 
prolonged to 38 + 12 days, indicating that some of the stored tissue 
remained viable. Further refinements should increase the reliability of 
this technique, thereby facilitating the use of cadaver donors for clini- 
cal islet transplantation. 


SECONDARY COMPLICATIONS OF DIABETES MELLITUS 
IN ANIMALS AND THEORETICAL CONSIDERATIONS IN 
HUMANS 


One of the most exciting aspects of experimental islet transplanta- 
tion has been the confirmation that renal and other lesions associated 
with induced diabetes are secondary to the diabetic state, and the 
demonstration that established lesions either regress or stabilize after 
correction of the metabolic abnormalities. We observed a progressive 
increase in glomerular mesangial matrix thickening, deposition of ma- 
cromolecules within the mesangium (IgG, IgM, and Beta 1 C), and 
renal tubular vacuolization in rats with streptozotocin-induced diabe- 
tes. Curative islet transplantation performed six to nine months after 
induction of diabetes — a time when the renal lesions were well es- 
tablished but not yet end-stage — was followed by elimination of the 
macromolecules from the mesangium, and by either a decrease in me- 
sangial matrix thickening or by no further increase.” Gray and Wat- 
kins'> performed curative islet transplantation soon after the induction 
of diabetes in rats, and found that transplanted animals failed to de- 
velop renal, neural, or eye lesions, whereas these lesions appeared in 
untreated diabetic animals. These results complement our previous 
findings that kidneys transplanted from normal rats to diabetic rats 
develop lesions identical to those occurring in the diabetic recipients’ 
own kidneys, whereas lesions in kidneys grafted from diabetic to nor- 
mal rats regress as a result of exposure to a normal metabolic environ- 
ment.”? The secondary nature and the effect of islet transplantation on 
the lesions associated with diabetes mellitus are clearly established in 
animals. 

Although the point is controversial, considerable evidence supports 
the hypothesis that the microangiopathic lesions associated with 
human diabetes are also secondary to disordered metabolism, and that 
perfect control of carbohydrate metabolism would prevent the develop- 
ment or halt the progression of these lesions. First, clinical studies 
have shown that the frequency and severity of microangiopathic le- 
sions in diabetic individuals are related to the control of plasma glu- 
cose achieved with exogenous insulin treatment, and to the duration 
of diabetes.’ Second, retinopathy, neuropathy, and nephropathy occur 
in patients who become diabetic as a result of hemochromatosis or 
total pancreatectomy.* * Third, the lesions seen in animals with in- 
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duced diabetes are similar to those seen in human diabetics with spon- 
taneous diabetes.’ Perfect control of diabetes cannot be achieved by 
exogenous insulin, no matter how meticulously administered.* These 
observations provide an impetus to human trials of islet transplanta- 
tion in an attempt to restore normal carbohydrate metabolism. 


HUMAN ISLET PREPARATION AND CLINICAL 
TRANSPLANTATION 


A relatively pure preparation of islets can be isolated from adult 
human pancreas by using the collagenase digestion-Ficoll gradient 
separation technique.” **% °° >! The isolated islets can synthesize insu- 
lin and glucagon and can secrete insulin in response to an in vitro 
glucose challenge.*? Unfortunately, islet yield is extremely variable, 
ranging from less than 1 to 50 per cent of the total islet mass in an 
adult pancreas — the average yield is only 5 per cent. 

Infant human pancreas is a potentially rich source of islet tissue 
for transplantation.*° The infant human pancreas has an extremely 
low exocrine enzyme content and a relatively large islet mass. Al- 
though only 4 per cent by weight of an adult pancreas, the average 
total islet mass of an infant pancreas is 25 per cent that of an adult. 
Infant human pancreatic fragments, dispersed by collagenase diges- 
tion, are able to secrete insulin in response to a glucose challenge, 
which indicates that their viability is maintained. 

We performed an initial trial of islet transplantation in humans 
using either islets isolated on Ficoll gradients after collagenase diges- 
tion of adult cadaver pancreas or dispersed infant human pancreas 
prepared by collagenase digestion.** At the time of the initial trial, we 
believed that a purified islet preparation was required or that exocrine 
enzymes must be completely eliminated prior to transplantation. Low 
islet yields were obtained from the adult pancreases, and the neonatal 
pancreases were subjected to prolonged collagenase digestion, a tech- 
nique that destroyed more than 70 per cent of the islet tissue. The 
minimal collagenase digestion technique for dispersal of neonatal pan- 
creas had not yet been developed at the time of our initial trials in 
humans. Evidence of graft function — a reduction in insulin require- 
ments — was obtained in most recipients, but the need for exogenous 
insulin was not completely abolished. Because of the small quantities 
of tissue transplanted, it was difficult to distinguish between graft fail- 
ure caused by rejection, or an inadequate islet mass, or technical prob- 
lems. 

A second trial of human islet transplantation is under way using 
adult pancreatic tissue dispersed by collagenase digestion without spe- 
cific islet isolation. This technique, developed in dogs, increases the 
quantity of islet tissue available for transplantation. 

Although islet transplantation was originally conceived as a thera- 
peutic approach to the patient with juvenile onset diabetes mellitus, 
the technique is also applicable to a patient who must undergo total or 
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near total pancreatectomy for benign disease. In this instance, the pa- 
tient’s own pancreas can be the source of islet tissue for transplanta- 
tion, thereby eliminating rejection as a factor in success or failure of 
the graft. We have successfully performed an autotransplant of dis- 
persed pancreatic tissue in one patient after near total pancreatectomy 
for chronic pancreatitis. This case, which establishes the technical 
feasibility of islet transplantation, is described in a separate section. 


Human Islet Allotransplantation: Initial Trial Using 
Purified Islets 


Ten islet transplant procedures were performed in seven patients, 
9 to 35 years after onset of insulin dependent diabetes mellitus, and 
from 10 to 36 months after kidney transplantation for end-stage dia- 
betic nephropathy. The islet tissue for transplantation was procured 
from infant cadaver donors in six instances and adult cadaver donors 
in four instances. Because a reliable technique of islet preservation 
had not yet been developed, the islets were transplanted immediately 
after processing of the pancreas. Therefore, tissue typing was not used 
as a basis for recipient selection and all donor-recipient pairs were 
poorly matched; no HLA antigens were shared in seven instances and 
two or less antigens were shared in three instances. The quantity of 
islet tissue transplanted was determined by measuring tissue insulin 
content (proportional to islet mass*°), and ranged from 0.4 to 14.5 per 
cent of that present in a normal adult pancreas. The islet tissue was 
dispersed intraperitoneally in five procedures, implanted in a muscle 
pocket in one instance, and infused into the portal vein in four cases. 
Immunosuppression was not augmented in the first three recipients, 
but subsequently the recipients were treated with antilymphocyte glob- 
ulin for two to nine days and their prednisone dosages were temporari- 
ly increased. Exogenous insulin doses after transplantation were ad- 
justed according to frequent determinations of the plasma and urinary 
glucose levels. Indirect evidence of islet function was obtained by com- 
paring the daily dose of insulin that produced equivalent control of dia- 
betes before and after islet transplantation. A decrease in insulin dose 
suggests islet function if the control of diabetes is good or better than 
the control before transplantation. The control of diabetes before and 
after transplantation was compared by calculating the mean plasma 
glucose and mean 24-hour quantitative urinary glucose levels during 
the interval between kidney and islet transplantation and after islet 
transplantation. The mean posttransplant values were expressed as a 
percentage of the mean pretransplant values. A value approximating 
100 per cent or less indicates that the diabetic control after transplan- 
tation was at least equivalent to diabetic control before transplanta- 
tion. 

There was an interval of reduced insulin requirements after all 
four of the transplants via the portal vein and after three of five intra- 
peritoneal transplants (Fig. 2). The duration of decreased insulin re- 
quirements varied between two and nine weeks after six of the trans- 
plants. In one patient (G), the reduction in insulin requirements has 
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Figure 2. Daily insulin dose as per cent of pretransplant dose during interval requiring 
least exogenous insulin for diabetic management” after islet allotransplantation. An interval 
of decreased insulin requirement occurred after 7 of the 10 transplants. 


been sustained for 30 months (Fig. 3). The reductions in insulin dos- 
ages were not associated with decreased control of diabetes (Fig. 4). 
The mean (+ S.D.) plasma glucose level in all patients before trans- 
plantation: was 302 + 60 mg per 100 ml; after transplantation it was 
258 + 47 mg per 100 ml. The mean urinary glucose excretion before 
transplantation was 69 + 35 gm per 24 hours and after transplanta- 
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Figure 3. Clinical course of islet allograft recipient who has had a sustained reduction 
in insulin requirements. Insulin requirements began to decrease after the prednisone dose 


was reduced to maintenance levels. This patient’s insulin requirements have remained stable 
for an additional’ 12 months. 
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Figure 4. Control of diabetes in each patient after islet allotransplantation. Plasma 
glucose levels and urinary glucose excretion patterns were equivalent before and during 
the period of reduced insulin requirements after transplantation. 


tion it was 59 + 32 gm per 24 hours. For the entire group of recipients, 
the mean posttransplant plasma glucose and urinary glucose levels 
were 85 per cent and 76 per cent of the pretransplant levels, respec- 
tively. 

Antirejection therapy was not initiated when the insulin require- 
ments began to increase toward pretransplant levels. Although no pa- 
tient was cured of diabetes by allotransplantation of islets, a number 
of important observations were made. Transplantation to the portal 
vein did not cause measurable hepatic dysfunction and the portal pres- 
sure did not rise during infusion of islets. In addition, rejection epi- 
sodes did not develop in the previously transplanted kidney, even 
when the islet and kidney donors shared HLA antigens not present in 
the recipient. 

In these preliminary trials we transplanted only small quantities of 
islet tissue and used donors that were poorly matched to the recipi- 
ents. The experimental evidence that a critical mass of islet tissue is 
required for cure of diabetes, and the evidence that islet tissue evokes 
a particular vigorous rejection response, indicated that in future trials 
larger quantities of islet tissue must be transplanted and that donor- 
recipient pairs should be well matched for HLA antigens. Matching of 
donors and recipients can be accomplished either by performing tissue 
typing, recipient selection, and cross matching before donor organ har- 
vesting, or by perfecting the technique for preservation of pancreatic 
islets. The quantity of islet tissue available for transplantation can be 
increased by using dispersed pancreatic tissue without specific islet 
isolation, according to the technique successfully employed in dogs. 
The technical feasibility of this approach is illustrated by a case report 
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of pancreatic islet autotransplantation after near total pancreatectomy 
for chronic pancreatitis. 


Human Islet Autotransplantation Following Pancreatectomy 


CasE Report. The patient, a 39-year-old woman, was referred to the Un- 
iversity of Minnesota Hospital with a 20 year history of repeated episodes of 
abdominal pain. Peptic ulcer disease had been documented 10 years previously, 
at which time a combined vagotomy, antrectomy, and gastroduodenostomy was 
performed. She continued to have abdominal pain, but a recurrent ulcer could 
not be demonstrated. She also developed dumping syndrome and symptoms of 
bile reflux and underwent a variety of gastric operations over the next seven 
years. The last operation was a Roux-en-Y gastrojejunostomy. Although her 
gastric symptoms were relieved after the last procedure, over the succeeding 
two years repeated episodes of abdominal pain were associated with elevated 
serum and urinary amylase levels. For the year before admission to our hospital 
she had constant abdominal pain. Although serum amylase levels became nor- 
mal, she lost weight and developed foamy, foul, floating, waxy stools suggestive 
of pancreatic insufficiency. A diagnosis of chronic pancreatitis was made. She 
used narcotic analgesics in an attempt to gain relief from the pain. 

The etiology of the pancreatitis was obscure. She did not drink alcoholic 
beverages. Oral cholecystogram results were normal on numerous occasions. 
Two of her uncles also had histories of pancreatitis, suggesting a familial ori- 
gin. Physical examination showed a thin, pale woman with positive findings 
limited to the abdomen. A midline abdominal scar was present. Although the 
entire abdomen was tender, pain was most prominent upon palpation in the 
epigastrium and left upper quadrant. Hematological and blood chemistry val- 
ues were within normal limits. The percentage of fat in the stool was elevated 
to 22 per cent, but other laboratory evidence of malabsorption was not found. 
The results of two glucose tolerance tests were normal. Barium x-ray studies of 
the gastrointestinal tract demonstrated the Roux-en-Y gastroenterostomy, but 
were otherwise normal. Gastroscopy results were normal. Because of the Roux- 
en-Y gastrojejunostomy, a retrograde pancreatic ductogram could not be done. 

A laparotomy was performed. Our preoperative plan was to do a pancreatic 
ductogram through the tail of the pancreas in order to define the etiology of the 
pancreatitis and to determine if a pancreatic duct drainage procedure was pos- 
sible. If not, a near total pancreatectomy with preservation of the duodenum 
followed by dispersion and autotransplantation of the excised pancreas was 
planned. At the time of exploration the pancreas was seen to be fibrotic in ap- 
pearance. The attempt to cannulate the pancreatic duct failed because of the 
small size of the duct. Examination of a biopsy of the pancreas confirmed the 
diagnosis of chronic pancreatitis. Therefore, a near total pancreatectomy was 
done according to the technique described by Barrett and Bowers.* The rem- 
nant of pancreas left on the duodenum measured only 1 x 1 x 1.5 cm (Fig. 5). 
The excised portion of the pancreas weighed 42 gm, indicating that more than 
96 per cent of the pancreas was removed. Although we initially hoped to leave 
the spleen in situ and use it as a site for islet implantation, the splenic artery 
coursed within the substance of the pancreas and had to be removed with the 
pancreas. 

Immediately upon removal the pancreas was immersed in iced saline, and 
the end of the splenic artery that was attached to the specimen was cannulated 
and flushed with heparinized Ringer’s lactate solution at 4° C. The proximal 
pancreatic duct was cannulated and the pancreas was distended by forceful 
injection of cold Medium 199. The pancreas was transported to the islet prepa- 
ration laboratory where it was rapidly minced in a specially designed mechani- 
cal tissue chopper” and then digested for 20 minutes with 1440 units of colla- 
genase per gram of tissue in 100 ml of Medium 199 at 37° C. After digestion the 
tissue was washed four times with Medium 199 at 4° C and then suspended in 
240 ml of Medium 199. The digested tissue passed through a 15 gauge needle. 
The total tissue insulin content of the pancreas before processing was 17,860 
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Figure 5. Area of pancreatic 
resection after near total pancre- 
atectomy in patient undergoing islet 
autotransplantation. The remnant 
of the pancreas lies underneath the 
forceps om the inner sweep of the 
duodenum. This remnant represents 
less than 4 per cent of the pancreas. 
The proximal duodenum was closed 
off at a previous operation and is not 
in continuity with the stomach. A 
rubber tubing is looped around the 
hepatic artery above the duodenum. 


wg; after processing it was 9877 wg, which means that 55 per cent of the islet 
mass was recovered. The total amylase content of the pancreas before process- 
ing was 77 mg, and after processing it was 20 mg, indicating that 74 per cent 
of the exocrine enzyme content was destroyed. The insulin content of the pan- 
creas before processing was approximately twice and the amylase content was 
approximately half that of the average adult pancreas,*® a particularly favor- 
able circumstance. 

The suspended tissue containing the patient’s own islets was returned to 
the operating room 1% hours after pancreatectomy. The tissue was slowly em- 
bolized to the liver by infusion into a mesenteric vein. Portal pressure rose from 
10 to 14 cm of water during the infusion. During the period between pancrea- 
tectomy and autotransplantation, and for the first 24 hours after observation, 
plasma glucose levels ranged from 229 to 352 mg per 100 ml. Plasma glucose 
levels ranged between 144 and 284 mg per 100 ml for the next four days and 
then declined to between 100 and 195 mg per 100 ml for the next two weeks. 
For the first week after surgery the patient received a continuous intravenous 
infusion of glucose solution; after the first week she was on oral feedings. Be- 
ginning three weeks after transplantation fasting plasma glucose levels ranged 
from 77 to 104 mg per 100 ml and plasma glucose levels two hours after a meal 
ranged from 110 to 146 mg per 100 ml. The patient did not receive insulin at 
any time after transplantation. 

Between two and four weeks after pancreatectomy, the patient’s fecal fat 
content was 26 per cent without exocrine enzyme replacement. When she was 
treated with pancreatin (Viokase), her fecal fat content ranged from 4 to 7 per 
cent. Liver function tests were minimally altered following the islet autotrans- 
plant procedures. Before surgery, serum bilirubin was 0.2 mg per 100 ml, serum 
glutamic oxaloacetic transaminase (SGOT) was 10 IU per liter, and serum alka- 
line phosphatase was 101 IU per liter. During the three weeks after 
transplantation, the highest value obtained for serum bilirubin was 0.6 mg per 
100 ml, for SGOT 49 IU per 100 ml, and for alkaline phosphatase 314 IU per 
100 ml. All values were within the normal range one month after transplanta- 
tion. 

Figure 6 compares the results of oral glucose tolerance tests performed be- 
fore and three weeks after pancreatectomy and islet autotransplantation. The 
insulin levels during glucose tolerance testing, before and after pancreatectomy 
and islet autotransplantation, are depicted in Figure 7. Although the magnitude 
of insulin response was less after pancreatectomy and autotransplantation than 
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Figure 6. Oral glucose tolerance test curves before and after near total pancreatectomy 
and islet autotransplantation to the portal vein in a patient with chronic pancreatitis. 


before, glucose tolerance test curves were essentially normal. Although surviv- 
al without insulin has been described after major pancreatic resection," all pa- 
tients in whom a 95 per cent pancreatectomy is performed become diabetic and 
no patient is reported to have a normal glucose tolerance test after such a pro- 
cedure. 

Our patient was relieved of pain after the operation, but she was addicted 
to narcotics. Within six months after surgery the patient had successfully been 
withdrawn from narcotics. She has remained pain free and continues to have 
normal carbohydrate metabolism. 


Significance of Clinical Pancreatic Islet Autotransplant Procedure 


Surgical intervention is justified when medical therapy fails to re- 
lieve the pain of chronic pancreatitis. Depending upon the etiology of 
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Figure 7. Insulin response during oral glucose tolerance tests before and after near total 


pancreatectomy and islet autotransplantation to the portal vein in a patient with chronic 
pancreatitis. 
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the pancreatitis and the anatomical status of the pancreatic duct, one 
or several operative procedures may be indicated, including correction 
of biliary tract abnormalities, sphincterotomy, or transpancreatic duc- 
tal decompression into the intestinal tract. When these procedures are 
inapplicable or when they have failed, resection of all or most of the 
pancreas is the surest way to relieve pain.* "4 If the duodenum is 
preserved, the metabolic consequences of pancreatic exocrine deficien- 
cy are minimized.'* However, diabetes results when 95 per cent of the 
pancreas is removed," a high price to pay for relief of pain. More than 
80 per cent of patients with chronic pancreatitis who require operative 
treatment do not have diabetes at that time.* Diabetes after pancrea- 
tectomy can be extremely difficult to manage, particularly in the alco- 
holic patient. 

Our case report illustrates that pancreatectomy and preservation 
of endocrine function can be done by autotransplantation of islets pre- 
pared from the excised pancreas. Exocrine deficiency can be managed 
by oral replacement. If endocrine function can be consistently pre- 
served by autotransplantation of islets after pancreatectomy, extensive 
pancreatic resection can be more widely applied to the treatment of 
the unfortunate group of patients with chronic pancreatitis. 

The most important aspect of this case was the establishment of 
the technical feasibility of islet transplantation in humans. A large 
quantity of semipurified islet tissue was infused into the portal venous 
system with no deterioration of liver function, and diabetes was ob- 
viated. If an equivalent quantity of allogenic tissue, freshly prepared 
from a cadaver pancreas, fails to ameliorate diabetes after transplan- 
tation to a diabetic recipient, failure can be attributed to rejection 
rather than to technical problems. The autotransplant procedure was 
not clouded by the possibility of rejection. Its success emphasizes the 
need for investigations to focus on the immunologic aspects of clinical 
islet allotransplantation. 


PROSPECTS IN ISLET TRANSPLANTATION 


Current evidence favors the concept that the secondary complica- 
tions of diabetes will be prevented or their progression halted if homeo- 
static control of carbohydrate metabolism can be provided — a control 
that is possible only through functioning islet tissue. Both whole pan- 
creas and islet transplantation can achieve this objective. However, 
whole pancreas transplantation will always be limited to one recipient 
per donor. Ultimately, it should be possible to transplant several dia- 
betic recipients with islet tissue procured from one donor. The major 
factor limiting wide application of islet transplantation is the difficulty 
in preventing allograft rejection. If improved methods for preventing 
rejection are developed, or if techniques for abrogation of a specific 
immune response can be adapted for clinical use, islet transplantation 
will realize its full potential. 

Finally, just as autotransplantation of the kidney is finding in- 
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creased application for correction of certain renal abnormalities, so too 
may autotransplantation of dispersed pancreatic tissue find a role in 
the prevention of diabetes mellitus after pancreatectomy for benign 
disease. 
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While the discovery of insulin in 1921 has had a monumental ef- 
fect on life expectancy and quality of life for the diabetic patient, it 
has not provided the diabetic patient with a cure. Even with the ideal 
use of insulin, the life expectancy of a diabetic patient is still one-third 
less than that of the general population. Diabetes is the fifth leading 
cause of death from disease in the United States, and the incidence of 
diabetes appears to be increasing by 6 per cent each year.'7 Death 
occurs principally secondary to vascular disease of the kidneys and the 
heart. Prior to death, many diabetic patients develop blindness or loss 
of limb. The ravages of the disease are the greatest among those who 
develop diabetes in childhood or early adulthood. Over 90 per cent of 
such patients develop serious renal, eye, or peripheral vascular impair- 
ment, or a combination of these complications, within 20 years after 
the detection of diabetes. 

Such patients came to our attention when they presented for surgi- 
cal reconstructive procedures directed at complications involving the 
peripheral vascular disease. Because our surgical results were so dis- 
appointing in these patients, we first developed an interest in the com- 
plications of diabetes, particularly juvenile diabetes, 10 years ago. At 
that time there was some evidence that suggested that vascular com- 
plications of diabetes might be avoided by the continuous control of 
hyperglycemia. It was apparent that there was a need to develop a 
method or methods to maintain blood glucose levels strictly within 
normal physiologic limits for prolonged periods. Continuous regulation 
of insulin administration meant either supplying normal in vivo func- 
tioning islet cells or an artificial computerized automated pancreas. 
The problems connected with providing functioning islet cells are bio- 
logical, whereas those of the artificial pancreas are technical. Islet 
cells theoretically could be supplied either by transplantation of a 
whole donor pancreas or by implantation of isolated islets alone. 
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ANIMAL TRANSPLANTATION 


Techniques to transplant the whole or a major portion of the an- 
imal pancreas were developed as early as 1927 by Gayet and Guillau- 
mie® and in 1929 by Houssay, Lewis, and Foglia.'° These investigators 
showed with their experiments that a transplanted pancreas could reg- 
ulate blood glucose after pancreatectomy or in diabetic dogs for 
periods up to 12 hours. The pancreases in these experiments were re- 
vascularized by direct vascular anastomoses made over cannulas. Bot- 
tin? in 1936 also advocated vascular anastomosis over a cannula and 
reported survivals after pancreas homotransplantation of up to seven 
days but did not mention whether the transplanted organ functioned. 
The technique of animal transplantation of the pancreas was ad- 
vanced further by the experimental work of Lichtenstein and Bars- 
chak" in 1957 and Brooks and Gifford? in 1959. It is not clear whether 
the ultimate failure of their transplants was caused by the technical 
factors of vascular torsion with thrombosis, pancreatitis, or organ re- 
jection. Brooks and Gifford believed that pancreatitis was responsible 
for their failures and used radiation to attempt to dry up the pancreat- 
ic secretions. 

DeJode and Howard® in 1962 reported a technique of transplanta- 
tion of the whole organ, except for the tail of the pancreas, in dogs in 
which they retained a portion of the attached duodenum and placed 
the transplanted organ subcutaneously in the groin with vascular an- 
astomosis to the femoral vessels. One end of the transplanted duoden- 
um was oversewn and the other was closed about a Pezzer catheter 
that was brought through the skin to collect the exocrine secretions 
externally. DeJode and Howard believed that the most important 
cause of failure in their experiments was venous thrombosis. They 
noted that even minor kinks or twists in the venous anastomosis 
would produce thrombosis. 

Largiader and associates” were the first to report successful ortho- 
topic allotransplantation of the pancreas in the dog. The whole pancre- 
as and attached segment of duodenum were revascularized by end-to- 
side anastomoses between the host aorta and donor celiac artery and 
the host vena cava and donor portal vein. One end of the donor duo- 
denum was closed and the other was attached end-to-end to a Roux- 
en-Y jejunal segment of the host. Exocrine secretion then entered the 
gut of the host in normal fashion, and function of the transplanted 
pancreas was observed up to nine days, but long-term survival was not 
obtained. 


HUMAN TRANSPLANTATION 


In 1967 Kelly and associates,'! after considerable laboratory inves- 
tigation, reported the first two combined kidney and pancreas cada- 
veric allografts in patients with juvenile diabetes and secondary renal 
failure. Their first human operation was performed on December 17, 
1966 and consisted of the transplantation of the body and tail of a 
donor pancreas extraperitoneally with revascularization performed be- 
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tween the iliac vessels of the recipient and the celiac artery and portal 
vein of the donor organ. The main pancreatic duct was ligated. A 
donor kidney was also transplanted into the same patient in the oppo- 
site groin. Two months later the transplanted pancreas and kidney 
were removed because of failure to function. In a second patient, Kelly 
and associates transplanted the entire pancreas and attached duoden- 
um extraperitoneally to the left iliac fossa. One end of the donor duo- 
denum was closed and the other end was exteriorized in the fashion of 
an ileostomy. A kidney transplant was also carried out on this patient. 
Both of these allografts also failed several months after transplanta- 
tion. 

Lillehei,** of the same group, in 1967 modified the procedure so 
that the donor duodenum drained into a Roux-en-Y jejunal loop of the 
host instead of being exteriorized. This technique had been developed 
in the animal by Largiader” so that the exocrine secretions of the pan- 
creas would then drain into the patient’s own bowel in a normal fash- 
ion. The whole pancreas and duodenal cuff were placed in the iliac 
fossa similar to the method of kidney transplantation. A cuff of aorta 
containing the celiac and superior mesenteric arteries was anasto- 
mosed end-to-side to the host external iliac artery, while the portal 
vein was anastomosed end-to-side to the iliac vein (Fig. 1). Lillehei 
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Figure 1. Pancreaticoduodenal allograft. Note cuff of donor aorta containing celiac and 
superior mesenteric arteries anastomosed to iliac artery. Portal vein is anastomosed to iliac 
vein. Proximal end of duodenum is closed and third portion of donor duodenum is anas- 
tomosed to Roux-en-Y limb of jejunum. Proximal tube jejunostomy may be employed to 
decompress the transplanted duodenum to avoid a closed loop obstruction and a pancreatic 


fistula. 
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and associates subsequently performed 13 such pancreaticoduodenal 
allografts with function up to 12 months but with no longer term func- 
tioning grafts. Problems with rejection at the duodenal-jejunal anas- 
tomosis, with associated sepsis or kidney rejection, ultimately caused 
either graft failure or death of the patient. 

We performed three such pancreaticoduodenal transplants be- 
tween 1969 and 1971.° The first of our three pancreaticoduodenal allo- 
grafts was accompanied by a simultaneous kidney transplant in a 33- 
year-old juvenile diabetic patient who had been insulin dependent 
since the age of eight. Her pancreas showed no rejection for a period 
of 10 months, at which time she was killed in an automobile accident. 
Neither insulin nor renal-dialysis was employed at any time during the 
10 months of survival after transplantation. She did develop a pancre- 
atic fistula postoperatively which may have represented some duoden- 
al rejection. However, the pancreatic fistula healed spontaneously 
with hyperalimentation therapy. Except for one brief episode of threat- 
ened kidney rejection, renal function was excellent. In our other two 
patients, rejection of the pancreas was noted soon after transplanta- 
tion in both cases and was manifested by hemorrhage due to necrosis 
of the donor artery at its iliac anastomosis, necessitating removal of 
the pancreaticoduodenal allografts within six weeks after transplanta- 
tion. Both patients, however, survived and one stated that the brief 
period of pancreas function relieved him of his neuropathy. 

In 1971 Gliedman and associates’ devised an alternative method 
of whole organ pancreatic transplantation. They utilized the body and 
tail of the pancreas and revascularized it by anastomosis of the splenic 
artery and vein to the iliac vessels. In place of ligating the donor pan- 
creatic duct as Kelly did, they anastomosed the duct end-to-end to a 
divided ureter so that the exocrine secretion of the pancreas entered 
the bladder. In Gliedman’s first case, the kidney was concomitantly 
transplanted, but in their other nine cases the pancreas was trans- 
planted first, followed by the kidney transplant at a later date. This 
procedure was adopted because they felt that more difficulties seemed 
to arise from the kidney transplant than from the pancreas and that 
separation of the two organ transplants appeared to offer more chance 
of success. None of Gliedman’s 10 pancreas transplant patients is 
now alive with a functioning graft, although one pancreas functioned 
for 4.2 years.! 

Largiader concluded from his animal and human transplant expe- 
rience that pancreaticoduodenal transplantation would perhaps be 
more successful if the procedure was staged by two separate proce- 
dures.'* The more difficult part of the operation, namely, the construc- 
tion of the Roux-en-Y jejunal loop in the host, is performed initially 
placing the blind end of the jejunum into the retroperitoneal fossa. 
When the patient fully recovers from this procedure, a retroperitoneal 
iliac fossa incision is made and the pancreaticoduodenal allograft is 
anastomosed to the iliac vessels and the duodenal segment is anas- 
tomosed to the adjacent lying distal end of the host’s Roux-en-Y jejun- 
um. This blind pouch can be more readily identified by a preoperative 
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x-ray if it has been closed with staples. Largiader has performed four 
such pancreatic transplants, but to date none of the patients has been 
a long-term survivor. In two of his patients, simultaneous rejection ep- 
isodes occurred with synchronously placed pancreas and kidney grafts. 
The rejection process affected both transplanted organs with equal in- 
tensity but appeared to be more readily reversed in the pancreas. 


DISCUSSION 


Since the first human pancreas transplant by Kelly and associates 
in 1966, 57 pancreas transplants in 55 patients have been reported to 
the ACS/NIH Organ Transplant Registry.! These operations were per- 
formed by 16 different teams in the United States, Europe, and South 
America. Twenty of the procedures consisted of a pancreaticoduodenal 
and a kidney transplant, 22 were subtotal pancreases alone, 8 were sub- 
total pancreases plus a kidney, 6 were pancreaticoduodenal trans- 
plants without a concomitant kidney, and one was a whole organ pan- 
creas transplant alone. The longest survival was 4.2 years, and was a 
subtotal pancreas transplant without a duodenal component with 
direct anastomosis of the pancreatic duct to a ureter for internal exo- 
crine drainage. Three additional transplants by various techniques 
survived 10, 12, and 22 months. The 10-month survivor was our pa- 
tient whose transplanted pancreas and kidney were both functioning 
normally and death was the result of transection of her thoracic aorta 
during an automobile accident. These four long-term functioning pan- 
creas allografts clearly demonstrate that whole organ pancreas trans- 
plantation is possible, with normal pancreatic function wholly capable 
of completely correcting the metabolic deficiencies of diabetes. Com- 
plete abolishment of insulin requirements, normal glucose tolerance 
curves, abatement of neuropathy, and improvement in vision have all 
been demonstrated during the various periods that these pancreatic 
allografts functioned. These clinical observations are in agreement 
with experimental findings in animals that tend to confirm that the 
vascular lesions associated with diabetes can be abated and may be 
reversed by allograft transplantation and are secondary to diabetes 
rather than to some agent that produces diabetes." 

Some of the investigators who have performed human pancreas 
transplants have felt that a concomitant kidney transplant has less- 
ened the likelihood of success in obtaining a functioning pancreas.® 
Others are of the opinion that there is no evidence that simultaneous 
erafting of both organs is detrimental as long as they are from the 
same donor." Some investigators feel also that either a concomitant or 
subsequent kidney transplant bodes well for the success of the pancre- 
as transplant, as the immunological rejection response is depressed in 
a chronically uremic recipient. Laboratory and clinical experience does 
not appear to be large enough to answer this question. It does appear 
clear, however, that the uremic patient receiving a pancreatic allo- 
graft requires less immunosuppressive treatment than the patient with 
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adequate renal function. Clinical experience would indicate that liga- 
tion of the pancreatic duct is associated with greater problems than is 
anastomosis of the duct to a ureter, or connection of a portion of the 
attached duodenum to the recipient’s jejunum for internal drainage of 
exocrine secretion. Studies on rats, however, indicate equal success 
with either a pancreaticoduodenal transplant or a duct ligated pancre- 
as transplant.'® 

The deaths that have occurred with pancreas transplantation ap- 
pear to have been secondary to hemorrhage from the revascularization 
site or more commonly to peritonitis secondary to fistula formation 
from duodenal rejection. Immediate removal of the transplanted allo- 
graft at the first sign of rejection would appear indicated in any future 
efforts at whole organ pancreas transplantation and should avoid the 
danger of recipient death from sepsis or hemorrhage, which has dis- 
couraged many investigators from continued pursuit of pancreas 
transplantation. Largiader’s recommendation of a two-stage operation 
when employing pancreaticoduodenal transplantation also would ap- 
pear to lessen the magnitude of the operation and perhaps enhance 
ultimate success.'? More attention to the technical aspects of the vas- 
cular anastomoses seems to be warranted as torsion of the arterial or 
venous anastomoses to the iliac vessels may be a significant cause of 
failure in the experimental animal and perhaps also in the human. 
Other techniques have been described in the animal to avoid trans- 
planting the duodenum by utilizing a cuff of the papilla of Vater,? or 
transplanting the divided body of the pancreas directly into a Roux-en- 


Jejunal loop. 
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Figure 2. Retroperitoneal Roux-en-Y pancreatic transplantation employing the body and 
tail of a donor pancreas. Exocrine drainage is obtained by an end-to-side pancreaticojejunos- 
tomy. Revascularization is accomplished by direct suture of the splenic artery to the iliac 
artery with separate anastomoses of proximal and distal splenic veins to the vena cava. 
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Y jejunal loop and also employing two splenic venous anastomoses in 
case one thromboses. Figure 2 demonstrates such an anastomosis of 
the divided pancreas directly into a Roux-en-Y jejunal loop as de- 
scribed in the dog by Dickerman and associates.’ Gliedman® has em- 
ployed this type of pancreas-jejunal anastomosis rather than the pan- 
creatic duct-ureter method when a kidney is not subsequently to be 
transplanted. 


SUMMARY 


Transplantation of the whole pancreas can produce normal glu- 
cose homeostasis and there is evidence that a functioning allograft is 
capable of arresting or even perhaps reversing the vascular changes of 
diabetes. The technical complications of necrosis, bleeding, and perfo- 
ration of the transplanted duodenum and disruption of the duodenal- 
enteric anastomosis can all be managed by immediate removal of the 
allograft at the first sign of rejection. While there is increasing evi- 
dence that islet cells are more violently rejected in the human than 
are some other transplanted tissues, it is not clear whether this is true 
with the organ pancreas transplant. The four relatively long-term suc- 
cesses of organ pancreas transplants in the human would suggest that 
the organ transplant may act more like a kidney transplant than do 
islet cells. In the author’s opinion, many of the problems may be tech- 
nical, and carefully controlled, staged whole or partial pancreas allo- 
grafts in the human still hold promise for ultimate better long-term 
SUCCESS. 
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Shortly after the discovery of the parathyroid glands by Sandstrom 
in 1870,'° Gley® demonstrated in experimental animals that removal of 
these structures led to a marked fall in the serum calcium concentra- 
tion. Subsequently it was recognized that the symptoms of carpal 
pedal spasms, facial tingling, and laryngeal stridor occasionally devel- 
oping after thyroid surgery were attributable to the hypocalcemia re- 
sulting from inadvertent destruction of the parathyroid glands. It is 
not surprising, therefore, that Halsted, appreciating the difficulties in- 
herent in managing the aparathyroid patient, began his classic labora- 
tory and clinical experiments on parathyroid transplantation in the 
early 1900’s.7: 

Recently, it has been unequivocally demonstrated in experimental 
animals® * and man" that parathyroid tissue can be successfully auto- 
grafted and even allografted if the host is immunosuppressed. Graft 
survival has been documented by histologic examination of the trans- 
planted tissue. More importantly, its function has been proved by the 
ability of the transplanted parathyroid tissue (as the only source of 
parathyroid hormone) to maintain the host in a normocalcemic state, 
and by the documentation of high concentrations of parathyroid hormone 
(PTH) in the grafted parathyroid tissue or its venous effluent. 
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Table 1. Indications for Parathyroid Transplantation 


Parathyroid Autotransplantation 
Primary parathyroid hyperplasia 
Secondary parathyroid hyperplasia 
Re-exploration for persistent or recurrent hyperparathyroidism 
Total thyroidectomy for carcinoma 


Parathyroid Allotransplantation 
Failure of medical management in the aparathyroid patient 
Di George’s syndrome 


Currently, there are several clinical situations where the tech- 
nique of parathyroid transplantation would be useful to the surgeon 
(Table 1). Over the last four years, we have performed parathyroid 
grafts in 75 patients. In this report, our clinical experience utilizing 
this technique will be discussed. 


CLINICAL INDICATIONS 
PARATHYROID AUTOTRANSPLANTATION 


RENAL OSTEODYSTROPHY. Most parathyroid autografts have been 
performed in patients with end-stage renal disease and secondary hy- 
perparathyroidism. The indications for parathyroidectomy have includ- 
ed bone disease (intractable pain and/or fractures), severe pruritus, 
and extraosseous metastatic calcification. Generally there have been 
two methods of reducing the total parathyroid mass: either radical 
subtotal (342 glands) parathyroidectomy or total parathyroidectomy. 
Our group had unsatisfactory experience, initially with the first tech- 
nique and subsequently with the second. As a compromise, we elected 
to remove all four parathyroid glands, and transplant a portion of one 
into the forearm muscle. Thus the total parathyroid mass would be 
reduced, however should graft-dependent hypercalcemia subsequently 
develop, a portion of the transplanted tissue could be removed under 
local anesthesia obviating the need for a more difficult repeat neck ex- 
ploration. 

PRIMARY PARATHYROID HYPERPLASIA. Controversy also exists re- 
garding the management of patients with primary parathyroid hyper- 
plasia. The standard accepted therapy has been radical subtotal 
(3¥%2 glands) parathyroidectomy; however, the incidence of postopera- 
tive hypercalcemia*® ® or hypocalcemia” '! in patients undergoing this 
procedure has been appreciable. We have utilized total parathyroidec- 
tomy and heterotopic autotransplantation in these patients also. 

REOPERATIVE HYPERPARATHYROIDISM. Most patients undergoing 
surgery for primary hyperparathyroidism are found to have a single 
enlarged parathyroid gland, the removal of which almost always re- 
sults in a cure. Occasionally, however, an enlarged parathyroid gland 
cannot be found, and the patient remains hypercalcemic postopera- 
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tively. A similar dilemma is encountered when inadequate tissue has 
been resected in patients with multiglandular hyperparathyroidism. 
Regardless of the cause, most patients who have persistent or recur- 
rent hyperparathyroidism require repeat neck exploration. It is of fore- 
most importance to identify and resect the hyperfunctioning parathy- 
roid gland(s); however, during surgery, all viable parathyroid tissue 
may be removed or inadvertently damagéd, thus rendering the patient 
aparathyroid. Previously such patients would have required perma- 
nent vitamin D and calcium replacement therapy; however, we have 
recently shown that this clinical situation is avoidable.1* Removed 
parathyroid tissue can be viably cryopreserved and successfully auto- 
grafted should it become obvious after surgery that the patient has no 
functioning parathyroid tissue. 

ToTaL THYROIDECTOMY FOR CARCINOMA. The remaining clinical 
situation in which parathyroid autotransplantation is useful applies to 
patients undergoing total thyroidectomy for carcinoma. Occasionally 
the surgeon, in attempting to resect paratracheal lymph nodes with 
the thyroid specimen, removes or irreversibly damages the normal ad- 
jacent parathyroid tissue as well. The incidence of permanent hypocal- 
cemia complicating this operation has been reported to be as high as 
30 to 50 per cent.': '* In patients undergoing thyroidectomy for carcino- 
ma, it is usually possible to judge which parathyroid glands cannot be 
preserved. If of normal size, the resected parathyroids should be sliced 
into small pieces and autografted locally into the sternocleidomastoid 
muscle. In patients with multiple endocrine neoplasia type II who 
have bilateral medullary thyroid carcinoma and associated generalized 
parathyroid hyperplasia, it is wise to transplant the resected parathy- 
roid tissue into an accessible site such as the forearm muscle. Should 
graft-dependent hypercalcemia subsequently develop, a portion of the 
transplanted tissue could be easily resected. 


PARATHYROID ALLOTRANSPLANTATION 


Patients with iatrogenic hypoparathyroidism whose medical man- 
agement is unsatisfactory are potential candidates for parathyroid allo- 
transplantation. Such clinical situations are rare; furthermore the 
risks of the required immunosuppression are appreciable. 

An extremely rare indication involves children with Di George’s 
syndrome (congenital deficiency of the pharyngeal pouch derivatives: 
the thymus and parathyroid glands). Theoretically, these patients 
could be allografted without immunosuppression; however, there are 
no reports of such successful transplants. 


TECHNIQUE 


Autografts for Primary or Secondary Parathyroid Hyperplasia 


At the time of surgery, all four (or more) parathyroid glands are 
removed, cleansed of fatty and fibrous tissue, and immediately placed 
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into a sterile ice bath containing an isotonic tissue culture medium 
(Waymouth’s, Earle’s or Eagle’s, etc.) without fetal calf serum. The ice 
bath is best constructed by placing a large amount of nonpacked 
crushed ice into an empty splash basin and covering it with Vi-Drape. 
A small sterile metal basin containing tissue culture medium is placed 
on top of the Vi-Drape and crushed ice. Each parathyroid gland should 
have a small portion removed for pathologic confirmation. After 20 to 
30 minutes of chilling, the parathyroid tissue becomes firm and can be 
sliced into the desired 1 x 2 mm fragments. Approximately 20 pieces 
are implanted. 

Using microsurgical instruments, each sliver of parathyroid tissue 
is carefully placed into a separate muscle pocket in the volar surface 
of the forearm. Usually the brachioradialis muscle is chosen and spe- 
cial care is taken not to induce hemorrhage. Each implantation site is 
closed with a nonabsorbable marking suture. Care is taken not to im- 
pale the parathyroid piece during closure of the overlying muscle. The 
forearm is used since it is readily accessible, and should graft- 
dependent hypercalcemia subsequently develop, a portion of the graft 
could be removed under local anesthesia. Furthermore, graft function 
can be carefully monitored by measuring the plasma parathyroid hor- 
mone level in the antecubital venous effluent draining the graft bed. 

In all patients undergoing parathyroid autotransplantation, ap- 
proximately 40 to 50 pieces of tissue are cryopreserved in case the 
grafted parathyroid does not function or the graft bed becomes infect- 
ed. 


Parathyroid Allotransplantation 


In patients undergoing parathyroid allotransplantation, the graft 
technique is the same as in autotransplantation except the tissue re- 
moved from the donor under general anesthesia can be grafted into 
the recipient under local anesthesia. In most situations, immunosup- 
pression would be required in the host. 


Parathyroid Cryopreservation 


The 1 x 2 mm parathyroid pieces not utilized at the time of para- 
thyroid surgery are kept sterile and taken to the laboratory where ap- 
proximately 10 pieces are placed into each of several three dram vials 
containing a solution of 10 per cent dimethyl sulfoxide, 10 per cent 
human serum, and 80 per cent tissue culture medium. The vials are 
then placed in a Linde BF-4 freezing chamber* and frozen at a rate of 
—1° C a minute to —200° C. They are then placed in the vapor phase of 
a liquid nitrogen freezer at —190° C. At the time the cryopreserved 
parathyroid tissue is needed for reimplantation, the frozen vials are 
thawed immediately by shaking in a 37° water bath. As the last ice 
crystals disappear, the parathryoid tissue is washed twice in tissue 
culture medium to remove the dimethyl sulfoxide which is toxic at 
room temperature. The parathyroid pieces are then kept in chilled tis- 
sue culture medium prior to implantation. 


*Union Carbide Corporation, Linde Division, Cryogenic Products Department, New 
York, New York 
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Parathyroid Hormone Radioimmunoassay 


The technique for this assay has been previously described in de- 
tail.'” 


Postoperative Management 


If all parathyroid tissue has been removed as planned, the serum 
calcium concentration will fall rapidly to a level of 7 + 0.5 mg per dl 
within 48 to 96 hours, and the patient will develop signs and symp- 
toms of hypocalcemia. A more rapid drop can be expected in patients 
with secondary hyperparathyroidism due to renal osteodystrophy than 
in patients with primary hyperparathyroidism. The grafted parathyroid 
tissue cannot be expected to function immediately; therefore, when 
the serum calcium concentration falls, therapy with dihydrotachys- 
terol (0.6 mg daily tapering to a maintenance dose of 0.125 mg daily) 
and glubionate calcium (1 to 2 gm of elemental calcium daily) is 
begun. Once an adequate serum calcium concentration (> 8 mg per 
dl) has been attained, the patient can be discharged and followed at 
biweekly intervals. In approximately six weeks, the dihydrotachysterol 
can be stopped, and if the serum calcium concentration remains nor- 
mal for two weeks, the oral calcium can be stopped. The demonstra- 
tion of a high concentration of parathyroid hormone in the antecubital 
vein blood of the grafted compared with the nongrafted arm further 
attests to graft function. 


Management of Patients with Graft-Dependent Hyperparathyroidism 


The indications for removing a portion of grafted parathyroid tis- 
sue are: a serum calcium concentration above 11 mg per dl or a serum 
calcium concentration above 10.5 mg per dl associated with hypercal- 
ciuria (> 250 mg of urinary calcium per 24 hours). 

Patients undergoing total parathyroidectomy and autotransplanta- 
tion for renal osteodystrophy frequently do not develop hypercalcemia 
as a result of graft hyperfunction. Partial graft resection is usually in- 
dicated if the patient develops recurrent bone pain or fracture, pruri- 
tus, or extraosseous metastatic calcification. 

It has been our policy to resect one-half of the total number of 
parathyroid pieces originally implanted. 


RESULTS 


Secondary Parathyroid Hyperplasia 


Forty-nine patients with secondary hyperparathyroidism due to 
renal osteodystrophy underwent total parathyroidectomy and auto- 
transplantation. Ten patients were not re-evaluated (three were graft- 
ed recently and seven died of progressive renal disease before they 
could be studied). Of 38 patients evaluated postoperatively, 31 (82 per 
cent) reported symptomatic improvement in bone pain and/or pruritus, 
four (10 per cent) reported no change in symptoms, and three (8 per 
cent) reported worsening of symptoms. 
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Thirty-four (87 per cent) of 39 patients had normal serum calcium 
concentrations once vitamin D and oral calcium replacement thera- 
pies were stopped. Five patients (13 per cent) had normal serum calci- 
um concentrations, but required calcium and vitamin D replacement. 
Three of these five patients had increased concentrations of parathy- 
roid hormone in the antecubital vein of the grafted arm compared with 
the nongrafted arm, but still required maintenance therapy three, 
eight, and eleven months following surgery. The remaining two of the 
five patients were lost to follow-up at 7 and 14 months. Neither of the 
two had parathyroid hormone levels determined in the grafted or non- 
grafted arms, or graft biopsy and histologic observation. When iast 
seen, they were both on maintenance vitamin D and calcium replace- 
ment therapy. 

Of 30 patients evaluated, 26 (86 per cent) had a higher concentra- 
tion of parathyroid hormone in the antecubital vein of the grafted com- 
pared with the nongrafted arm. The four patients who did not have 
high venous parathyroid hormone levels detected in the grafted arm 
were nevertheless normocalcemic off replacement therapy. Although 
unusual, we think that this is explained by the grafted parathyroid tis- 
sue being drained by a deep inaccessible vein. The other explanation 
is that these patients all had nonfunctioning grafts but did have residual 
parathyroid tissue in the neck. The clinical course of a patient with renal 
osteodystrophy who underwent total parathyroidectomy and autotrans- 
plantation is described below and depicted in Figure 1. 


CASE REPoRT. This patient had been followed at the Duke University Me- 
dical Center since 1972 for renal failure secondary to chronic glomerulonephri- 
tis. Since December 1973, she had been maintained on hemodialysis. Because 
of the development of severe bone pain, pruritus, and a progressively increas- 
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Figure 1. Clinical course of a patient with renal osteodystrophy who required total 
parathyroidectomy and autotransplantation (see text). 
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Figure 2. Each bar graph represents 1 of 14 patients with primary parathyroid enlarge- 
ment who had a total parathyroidectomy and heterotopic autotransplantation. Parathyroid 
hormone (ng per dl) levels are noted on the ordinate. The number at the top of each bar graph 
represents the months since parathyroid autotransplantation. 


Patients 


ing serum calcium concentration, she underwent a total parathyroidectomy and 
parathyroid autograft to the left arm in August, 1974. Postoperatively, her 
serum calcium concentration markedly decreased. 

She was maintained on oral replacement with U.S.P. vitamin D (100,000 
units per day) and glubionate calcium (2 gm per day). This medication was 
stopped approximately 100 days after surgery because the patient had again 
become hypercalcemic. Thereafter the serum calcium concentration fell to nor- 
mal limits, and the bone pain and pruritus resolved. Within six months, there 
was a marked improvement in the skeletal x-rays. 

In June 1976, almost two years after the parathyroid autograft, the patient 
received a renal allograft from an HLA identical sibling. There was a marked 
fall in the serum phosphorus and serum creatinine. Since the kidney trans- 
plant, the patient has been maintained on immunosuppressive therapy with 
prednisone, cyclophosphamide (Cytoxan), and azathioprine (Imuran). Parathy- 
roid graft function has been documented by the patient’s ability to maintain a 
normal serum calcium concentration without replacement therapy, and with 
the grafted parathyroid tissue as the only source of parathyroid hormone. Fur- 
thermore, higher concentrations of parathyroid hormone have been measured 
in the antecubital vein draining the grafted parathyroid tissue than in a similar 
vein in the nongrafted arm. Currently, this patient is doing well three years 
from the time of total parathyroidectomy and parathyroid autotransplantation. 


Primary Parathyroid Hyperplasia 


Fourteen patients with primary parathyroid and hyperplasia have 
undergone total parathyroidectomy (four glands) and autotransplanta- 
tion of tissue to the forearm musculature. In each of the 14 patients 
function of the transplanted parathyroid tissue has been confirmed by 
documenting a higher concentration of parathyroid hormone in the an- 
tecubital vein of the grafted arm compared with the nongrafted arm 
(Fig. 2). Generally, patients with parathyroid grafts for less than one 
year have lower levels of parathyroid hormone in the blood draining 
the graft bed than do patients with parathyroid grafts for longer than 
one year. Thirteen of the 14 patients depicted in Figure 2 are off vi- 
tamin D and calcium replacement therapy. One patient still requires 
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replacement therapy even though he has a functioning graft docu- 
mented by an increased plasma parathyroid hormone level in the ve- 
nous effluent draining the transplanted tissue. This patient has multi- 
ple endocrine neoplasia type I, and underwent a total parathyroidectomy 
and autograft prior to a total gastrectomy for the Zollinger-Ellison syn- 
drome. Perhaps this latter surgical procedure has modified his gastro- 
intestinal absorption of calcium. 

Two patients developed graft-dependent hypercalcemia three and 
nine months after autotransplantation. One patient has mild hypercal- 
cemia (serum calcium concentration 10.1 to 10.8 mg per dl); however, 
he is not hypercalciuric and is being followed conservatively. The 
other patient developed a serum calcium concentration of 11.7 mg per 
dl postoperatively. Half of his parathyroid graft was removed 100 days 
after autotransplantation, and he is currently normocalcemic. 


Total Thyroidectomy for Carcinoma 


Six patients with thyroid carcinoma have undergone total thyroi- 
dectomy. The parathyroid glands could not be preserved and since 
they were normal in size and appearance, 20 parathyroid pieces were 
autografted into the sternocleidomastoid muscle. All six patients cur- 
rently are normocalcemic without vitamin D or calcium replacement 
therapy. 


Autotransplantation of Cryopreserved Parathyroid Tissue 


Four patients had transplantation of autologous cryopreserved 
parathyroid tissue. Two required repeat neck exploration for persistent 
hyperparathyroidism and, in each, an enlarged parathyroid gland was 
resected and cryopreserved. In the postoperative period the serum cal- 
cium concentration dropped below 7.5 mg per dl, and both patients 
required vitamin D and calcium replacement therapy. Within two 
weeks after surgery, each patient received a parathyroid autograft to 
the forearm under local anesthesia. Currently both patients are normo- 
calcemic and have documented parathyroid graft function as evi- 
denced by a higher parathyroid hormone level in the grafted arm vein 
compared with the nongrafted arm. One of these patients, however, is 
still on calcium replacement therapy. 

The other two patients had renal osteodystrophy. One patient, pre- 
viously reported,'® underwent total parathyroidectomy (five glands) 
and cryopreservation of autologous tissue. Total parathyroidectomy 
had been the accepted therapy at the time of surgery, and institutional 
approval had not been obtained for the autografting technique. Ac- 
cordingly, six weeks after parathyroidectomy, frozen autologous para- 
thyroid tissue was thawed and grafted into his arm under local anes- 
thesia. The tissue functioned for three years, but a portion was 
subsequently removed because the patient developed calciphylaxis.4 The 
clinical course of the second patient autografted with cryopreserved 
parathyroid tissue is described below and depicted-in Figure 3. 
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Figure 3. Clinical course of a patient with renal osteodystrophy who was successfully 
autografted with cryopreserved parathyroid tissue (see text). 


CASE REporT. This patient was diagnosed as having severe proliferative 
glomerulonephritis with interstitial and tubular changes in 1972. Hemodialysis 
was begun in January 1973. The following December, he received a cadaveric 
renal allograft; however, the kidney underwent hyperacute rejection and was re- 
moved after three weeks. He was first seen at the Duke University Medical Center 
in January 1975 with renal osteodystrophy. The serum calcium concentration was 
10.6 mg per dl, the phosphorus 8 mg per dl, and the creatinine 14 mg per dl. 
The alkaline phosphatase was 232 I.U. 

On January 14, 1975, the patient underwent neck exploration and three 
hyperplastic parathyroid glands were removed. Because the fourth parathyroid 
gland could not be found, portions of two of the resected parathyroid glands 
were diced into small pieces and cryopreserved. The serum calcium concentra- 
tion fell to a level of 5.7 mg per dl by the tenth postoperative day and oral 
dihydrotachysterol and calcium replacement therapy was begun. Following dis- 
charge, the patient was essentially asymptomatic but maintained a calcium in 
the range of 6 to 7 mg per dl. 

Because it appeared that no functional parathyroid tissue remained in the 
neck, the patient was hospitalized on April 2, 1975 and received an autograft of 
cryopreserved parathyroid tissue to the right arm. Within three months after 
this procedure, vitamin D and calcium replacement therapy was stopped and 
he had a serum calcium concentration of 8 mg per dl and a serum phosphorus 
of 6 mg per dl. 

On June 17, 1975, the parathyroid autograft was biopsied revealing intact 
but hyperplastic parathyroid tissue. The patient has maintained a serum calci- 
um concentration in the low normal range, and has remained off vitamin D 
and calcium replacement therapy. Parathyroid graft function has further been 
documented by demonstrating a higher concentration of parathyroid hormone 
in the antecubital vein draining the grafted arm compared to the nongrafted 
arm. 


Parathyroid Allotransplantation 


A previously reported patient’ with renal osteodystrophy under- 
went total parathyroidectomy and subsequently received a renal allo- 
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graft from his father. The transplanted kidney functioned well; howev- 
er, the patient was markedly hypocalcemic and could not be managed 
satisfactorily with calcium and vitamin D replacement therapy. Ac- 
cordingly, under local anesthesia he received a parathyroid allograft 
from his father. The transplanted parathyroid tissue functioned nor- 
mally as proved histologically and biochemically. The patient did well 
for approximately two and one-half years; however, he then under- 
went a late immunologic rejection of both the renal and parathyroid 
allografts. Currently, there is no evidence that his parathyroid tissue is 
functioning as he is requiring vitamin D and calcium replacement 
therapy. No elevated concentration of parathyroid hormone is detect- 
able in the antecubital vein draining the graft. The parathyroid trans- 
plant has not been re-biopsied. 

An attempt was made to allograft parathyroid tissue intramuscu- 
larly into an infant with complete Di George’s syndrome. The child 
had severe metabolic acidosis and died within seven days after the 
procedure. At the time of autopsy, there was no histologic evidence of 
parathyroid graft survival. 


DISCUSSION 


The definitive treatment of primary hyperparathyroidism is sur- 
gery, although controversy exists regarding the optimal management 
of patients with certain pathologic findings. Whereas patients with pri- 
mary hyperparathyroidism used to be categorized as either having 
“adenomas” or “hyperplasia,” it is now more accurate to divide pa- 
tients into those who have single gland disease and those with multi- 
ple gland disease. Furthermore, patients with multiple gland disease 
should be further subdivided into those with generalized enlargement 
(four gland) and those with enlargement of only two or three parathy- 
roid glands. Patients with end-stage renal disease and secondary hy- 
perparathyroidism almost always have generalized parathyroid en- 
largement. 

Those patients with primary hyperparathyroidism due to “single 
gland” disease are best managed by resecting only the enlarged para- 
thyroid gland and perhaps biopsying or resecting the ipsilateral normal 
appearing gland. With such treatment, the patients rarely develop re- 
current or persistent hypercalcemia. 

In patients with generalized four gland parathyroid disease (either 
primary or secondary), the accepted therapy has been radical subtotal 
parathyroidectomy (3% glands). Several investigators have reported 
relatively high incidences of persistent or recurrent hyperparathyroid- 
ism in patients so treated.*:° Castleman and Cope reported the devel- 
opment of recurrent hyperparathyroidism in 55 per cent of their pa- 
tients undergoing radical subtotal parathyroidectomy for primary 
water clear-cell hyperplasia. 

We have proposed an alternate surgical technique consisting of 
total parathyroidectomy and heterotopic autotransplantation to a site 
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where tissue can be easily removed under local anesthesia should the 
grafted parathyroid become hyperfunctional. In our series, 14 patients 
with primary hyperparathyroidism due to four enlarged parathyroid 
glands were treated by this surgical technique. In all 14 patients, 
parathyroid graft function was documented by demonstrating a higher 
concentration of parathyroid hormone in the antecubital vein draining 
the grafted arm compared with the nongrafted arm. Furthermore, only 
1 of the 14 patients requires replacement therapy with oral calcium 
and vitamin D. This patient underwent total gastrectomy for the 
Zollinger-Ellison syndrome, and perhaps the surgery has altered his 
calcium absorption. Of the two patients developing graft-dependent 
hypercalcemia, partial graft resection has been carried out in only one, 
and this patient is currently normocalcemic. 

Our patients with secondary hyperparathyroidism have also done 
well following total parathyroidectomy and heterotopic autotransplan- 
tation. Approximately 90 per cent are currently normocalcemic off vi- 
tamin D and calcium replacement therapy. 

The patients in whom parathyroid autotransplantation has proved 
particularly useful have been those undergoing reoperative surgery for 
persistent or recurrent hyperparathyroidism. By cryopreserving the re- 
sected parathyroid tissue, the surgeon is in an advantageous position 
to observe the patient postoperatively. If hypoparathyroidism develops 
requiring vitamin D and calcium replacement, and it appears that the 
patient has been rendered aparathyroid, autologous parathyroid tissue 
can be thawed and autografted thus restoring the eucalcemic state. 
Although we have grafted patients successfully with parathyroid tis- 
sue frozen for as long as three months, it has been demonstrated in 
experimental animals that tissue can be successfully grafted after 
cyropreservation for 9 to 12 months."® 

The technique of parathyroid transplantation offers the surgeon 
versatility in managing the patient with hyperparathyroidism. Even 
though these preliminary results are encouraging, long-term follow-up 
must be carried out before this technique can be adequately compared 
with the other surgical procedures currently available. 
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The first recorded bone transplant may have been accomplished in 
1682 by Meekren when he filled a defect in a Russian soldier’s head 
with a piece of dog skull. This anecdotal case history was recorded in 
church literature because the patient was excommunicated. Two years 
later the patient requested that the transplant be removed so that he 
could return to the good graces of the Church. Ray, in his review of 
bone transplantation, stated that the patient received a Christian 
burial.® Although evidence for earlier instances of bone transplanta- 
tion can be made, the beginning of bone transplantation did not begin 
until the 19th century. Merrem reported on bone transplants in 1810, 
P. Von Walther in 1820 performed the first recorded human autoge- 
nous bone graft, and Macewen a student of Lister, performed a suc- 
cessful human bone allograft under aseptic conditions in 1878.*° In the 
early 1900’s, the extensive research by Axhausen on the transplanta- 
tion of periosteum, marrow, and bone provided additional evidence 
that these tissues could be used clinically, and by 1923 Albee reported 
on thousands of clinically successful bone transplant cases.” 

Bone transplants are used to unite fractures, to fuse joints, and to 
repair skeletal defects only if they can satisfy the criteria of mechani- 
cal stability and host incorporation without complications. Unfortu- 
nately, complications occur as frequently today as they did 60 years 
ago, with approximately 15 per cent of the segmental cortical bone 
transplants displaying nonunion of the transplant-host junction, or if 
union occurs, suffering later fatigue fractures that make the trans- 
plant a failure.* 

An additional problem that has plagued the surgeon is the avail- 
ability of appropriate bone transplant materials. The acquisition of au- 
togenous bone transplant material is accomplished with certain costs 
to the patient which can include: (1) additional surgical incision; (2) 
increased postoperative morbidity; (3) weakened donor bone sites; and 
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(4) potential serious complications from any of the previous conditions. 
Alternatives to autogenous bone transplant material have achieved 
limited success, although long-term follow-up reveals a high incidence 
of complications such as nonunions, fatigue fractures, and occasion- 
ally complete resorption of the transplanted material. 

The purpose of this article is to delineate the fate of bone trans- 
plants by presenting: (1) some general information on the microscopy 
of autogenous bone transplant repair; (2) the mechanisms of bone allo- 
graft rejection; and (3) some possible alternatives when autogenous 
bone is insufficient. 


MORPHOLOGIC ASPECTS OF TRANSPLANT REPAIR 


Creeping Substitution 


The histologic sequence of autogenous bone transplant repair was 
first fully documented by Axhausen in 1907, as cited by Chase and 
Herndon.* In 1908, Barth determined that the greater part of a bone 
transplant underwent necrosis, and that a successful repair of the 
transplant depended on the intimate contact of the graft with vascular 
host tissue, as mentioned by Watson-Jones.'! Watson-Jones also cited 
Axhausen as having illustrated in 1908 that empty lacunae were an 
indication of necrosis, that cellular proliferation occurred beneath the 
periosteum, that bone formation occurred from transplanted bone mar- 
row whenever the marrow was in contact with living tissue, and that 
necrotic bone was replaced by new tissue moving along channels made 
by invasive blood vessels. 

The process of new tissue invading along channels made by inva- 
sive blood vessels or along pre-existing channels in the transplanted 
bone was called “schleichender ersatz” by Axhausen in describing the 
bone graft experiments of Barth, as cited by Ray.® Later this German- 
ic phrase was literally translated “‘creeping substitution” to describe a 
dynamic reconstructive and healing process for bone transplantation.” 
According to Ray,® Axhausen also suggested that transplant revascu- 
larization involves the infiltration of host osteocytes into the empty 
transplant lacunae, whereas Phemister considered the repair process 
to be a function of transplanted viable cells that replace necrotic tissue 
with viable bone. It has not yet been determined whether transplant or 
host cells play the primary role in transplant-host wound repair, al- 
though both are considered to play a role in creeping substitution. For 
the purpose of discussion, creeping substitution will be used to de- 
scribe the temporal and spatial repair activities whereby new viable 
bone replaces necrotic old bone. 


Intial Features of Fresh Autogenous Transplant Repair 


Cancellous transplant material is used primarily as a filler of small 
defects, whereas segments of cortical bone are used primarily as sup- 
portive struts. Both cancellous and cortical autogenous transplants 
have similar histologic features during the first two weeks post- 
transplantation. At first, areas of coagulated blood are evident in the 
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transplant bed as a means of preventing blood loss. During the first 
week, the transplant is the focus of an inflammatory response charac- 
terized by vascular buds infiltrating the transplant bed, with the ex- 
posed surfaces of the transplant bathed in nutrients." 2 73> Some lym- 
phocytes, plasma cells, osteoclasts, and small amounts of fibrous 
connective tissue with mononuclear and polynuclear cells envelop the 
transplant. By the second week, fibrous granulation tissue becomes in- 
creasingly dominant in the transplant bed, the number of inflamma- 
tory celis decreases, and osteoclastic activity increases.’ Within the 
confines of the transplant, osteocytic autolysis proceeds with necrosis 
delineated by vacant lacunae. Some peripheral cells are maintained by 
the passive diffusion of nutrients from the surrounding host soft tis- 
sues.*® At this point, there is little difference between the repair proc- 
esses of autogenous cancellous and autogenous cortical bone trans- 
plants. 


Secondary Histologic Features of Autogenous Cancellous Bone 
Transplants 


Cancellous bone transplants differ from cortical bone transplants 
by the rate of revascularization, the mechanism of creeping substitu- 
tional repair, and the completeness of repair. Several investigators 
have suggested that revascularization of cancellous transplants may 
occur within hours after transplantation as the result of end-to-end an- 
astomoses of the host vessels with those of the transplant, although 
the primary method of revascularization was considered to be by gra- 
dual host ingrowth into the marrow spaces." ** %° Thus, depending on 
the species, cancellous transplants may be entirely covered with ves- 
sels in two days, and revascularization may be completed within two 
weeks.*® 

As the vascular invasion of the cancellous grafts proceeds, primi- 
tive mesenchymal cells differentiate into osteogenic cells. Whether the 
osteogenic cells are descendants of the transplanted cells or are host 
cells induced by the transplant is still controversial. However, both 
donor and recipient may be considered in contributing to the new cell 
population.* ”*- 3° In cancellous transplants, these osteogenic cells first 
differentiate into osteoblasts that line the edges of dead trabeculae and 
deposit a seam of osteoid which is annealed to, and eventually sur- 
rounds, a central core of dead bone (Fig. 1).'!* Thus, roentgenographi- 
cally one would see an initial increase in the radiodensity of the trans- 
planted area. Subsequently, the entrapped cores of necrotic bone are 
gradually resorbed by osteoclasts and a gradual decrease in the overall 
radiodensity of the cancellous transplant would be noted. At the same 
time, hematopoietic marrow elements accumulate within the trans- 
planted bone.'® In time, the cancellous transplant is completely re- 
paired with the necrotic bone completely replaced by viable new bone. 


Secondary Histologic Features of Autogenous Cortical Bone 
Transplants 


The most apparent histologic difference between cancellous and 
cortical graft repair is the rate at which the latter is revascularized. 
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Figure 1. Illustrated are several necrotic trabeculae from a cancellous bone autograft 
that is undergoing creeping substitution of necrotic for viable bone. The spicule of bone on 
the lower right is lined by a grey homogenous tissue osteoid. Surrounding the trabeculae is 
the marrow that has been repopulated with mesenchymal cells and new blood vessels. As the 
necrotic cores of bone are gradually resorbed by osteoclasts, the radiodensity and the mechan- 
ical strength of the grafted area return to normal. 


Generally, the cortical graft is not penetrated by blood vessels until the 
sixth day®® with complete revascularization occurring within one to 
two months, or at least twice the time span required for cancellous 
transplants.*® This delay in compete revascularization may be attri- 
buted to the structure of cortical bone since vascular penetration of 
the transplant is primarily the result of peripheral osteoclastic resorp- 
tion and vascular infiltration of Volkmann’s and the haversian 
canals.' °° # The delay may also, in part, be related to the limited 
number of endosteal cells available to assist in the formation of end-to- 
end anastomoses more frequently seen in cancellous transplants.! 
However, once peripheral revascularization of a transplant has been 
accomplished, revascularization of the cortical interior proceeds fairly 
rapidly as evidenced by creeping substitutional activities.” 

The second histologic difference between cancellous and cortical 
grafts is that repair of cortical grafts is first initiated by osteoclasts 
rather than osteoblasts. In temporal studies with dog cortical bone 
transplants, resorption at two weeks after transplantation was found 
to be significantly greater than that of normal bone, increased until 
the sixth week, and then gradually declined to nearly normal levels at 
the end of one year.” Spatial analyses of the transplant repair process- 
es showed resorption to be preferentially directed to peripherally locat- 
ed necrotic haversian systems and the interstitial lamellae during the 
first two weeks. However, by the fourth week, resorption of the cortical 
interior was quantitatively equivalent to the periphery. This resorptive 
activity of the cortical interior enlarged the haversian cavities with no 
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significant removal of necrotic interstitial lamellae. When the appro- 
priate cavity size was attained, resorption ceased and osteoblasts ap- 
peared and refilled the spaces. 

The initiation of the appositional phase of repair occurred at ap- 
proximately 12 weeks after transplantation and sealed off the remain- 
ing necrotic material from further osteoclastic encroachment (Fig. 2).*” 
Additional studies suggest that creeping substitution of cortical bone 
grafts progresses transversely and parallel to the long axis of the 
transplanted segment. Thus, repair was found initially to be greater at 
the grait-host junctions, and secondarily the repair migrated to the re- 
gion midway between the graft-host junctions.” 

The admixture of necrotic and viable bone in the cortical graft re- 
mains basically unaltered once the catabolic and anabolic stages of 
repair have been completed, although minor changes may in time in- 
crease the proportion of new bone to necrotic tissue.*? In experimental 
studies with dog fibula, the proportion of viable new bone to necrotic 
old bone increased from two weeks to six months after transplanta- 
tion; however, between six months and two years it remained unal- 
tered (Fig. 3). Therefore, the third major difference between cortical 
and cancellous grafts is that cancellous grafts tend to be completely 
repaired in time, whereas cortical grafts tend to remain as admixtures 
of necrotic and viable bone. 

Two qualifying features were found with the cortical bone trans- 
plant studies: (1) the initiation of the appositional phase coincided 


Figure 2. This composite photo- 
graph of a cross-section from a six 
month fibular autograft in a dog ata 
magnification of 8X and 75X illus- 
trates creeping substitutional repair 
of cortical bone. The white areas are 
the necrotic areas of the grafted 
material; the dark circular areas 
represent the viable new bone 
formed. The majority of the dark 
areas are surrounded by white cir- 
cumferential lamellae that repre- 
sent the necrotic remains of the 
transplanted osteons. The border of 
the dark and light zone (the new 
cement line) indicates the amount 
of resorption that first took place and 
then secondarily was filled by the 
apposition of new bone upon ne- 
crotic surfaces. 
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Figure 3. The temporal relations are shown of creeping substitution and mechanical 
strength of canine cortical bone autografts from two weeks to two years. By six months after 
transplantation, approximately 50 per cent of the transplant was viable new bone. From six 
months to two years this admixture of necrotic and viable bone did not change appreciably. 


with a consolidated graft-host junction and suggests that physiologic 
stress may play a role in bone formation; and (2) the rate, amount, 
and completeness of repair were found to be greater in dogs that had 
more active physiologic remodeling of the skeleton than those with 
less skeletal activity. This second variable in transplant repair is anal- 
ogous to the clinical situation in which a child is better able to repair a 
skeletal injury in time and in its completeness than is an adult. 


Mechanical Strengths of Bone Transplants 


The strengths of a bone graft can be correlated with the process of 
repair. Cancellous transplants are repaired by a process that first 
forms new bone onto the necrotic bony surfaces. In a previous study, it 
was shown that the necrosis of bone did not alter its mechanical 
strength.” Hence, cancellous transplants tend first to be mechanically 
strengthened by the addition of new bone, and second, as the necrotic 
cores of bone are removed, the mechanical strength of the transplant- 
ed area tends to return to normal. 

On the other hand, cortical grafts are initially repaired by osteo- 
clastic activity, which causes mechanical weakening and a decrease 
in the transplant’s radiodensity (Figs. 3, 4, and 5). The weakening of 
the cortical transplant is a function of the internal porosity, which is 
caused by the cumulative effects of increased osteoclastic and de- 
creased osteoblastic activities. Thus, experimental bone transplants 
were shown to be approximately 40 to 50 per cent weaker than normal 
bone from six weeks to six months after transplantation as the porosity 
of the transplant increased. By one and two years after transplanta- 
tion, the porosity was nearly normal, and the mechanical strength and 
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roentgenographic densities were equal to that of normal bone (Figs. 3 
and 5). 

Thus, the clinician and the patient must protect the segmental 
transplants at the critical phase when the resorptive phase has out- 
stripped the appositional phase. It is not known precisely when these 
critical phases occur in humans, although the time of appearance 
probably varies as a function of age, physiologic repair capacity, and 
the type, size, and location of the transplant. There is also some ques- 
tion as to whether the remaining necrotic interstitial lamellae in the 
transplanted segment are eventually replaced, and if this process 
would produce weakening of the transplant as long as several years 
after transplantation. 


Transplant and Host Contribution to Repair 


The incorporation of a transplant can be considered to be a func- 
tion of both the host cells and the remaining viable cells contained 
within the transplant.*}’7 The degree of participation by either popula- 
tion of cells is not well known, although the lack of transplanting via- 
ble cells may retard the rate of incorporation and repair. The trans- 
planted osteogenic cells may be derived from four sources: (1) the 


Figure 4. Representative roentgenograms are shown of canine cortical fibular auto- 
grafts at various time intervals from 0 to 24 weeks after transplantation. Row A, Normal 
sequence of repair for autografts. Row B, Normal sequence of repair for autografts in an im- 
munologically suppressed host with the use of azathioprine. Note the changes in longitudinal 
contour and radiodensity as well as the progress of union at the proximal and distal graft- 
host junctions. (From Burchardt, H., Glowczewskie, F. W., and Enneking, W. F.: Allogeneic 
segmental fibular transplants in azathioprine immunosuppressed dogs. J. Bone Joint Surg., 
59A:881-894, 1977, with permission. ) 
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Figure 5. Representative roentgenograms are shown of fresh allogeneic transplants in 
recipients 4 to 24 weeks after transplantation. Row A, This allograft repair process resembles 
that which is usually observed in an autograft that is not incorporated normally. Row B, This 
allograft repair process is characterized by rapid transplant resorption, formation of a bridge 
of callus, fatigue fracture, and nonunion of the distal graft-host junction. Row C, This allo- 
graft repair process shows multiple fatigue fractures, no evidence of union at either end, 
rapid resorption, and complete disappearance of the graft at 16 weeks. (From Burchardt, H., 
Glowczewskie, F. W., and Enneking, W. F.; Allogeneic segmental fibular transplants in 
azathioprine immunosuppressed dogs. J. Bone Joint Surg., 59A:881-894, 1977, with per- 
mission. ) 


periosteum, (2) the intracortical zone, (3) the endosteum, and (4) the 
marrow. 

PERIOSTEUM. Several studies have indicated that cells in trans- 
planted free strips of periosteum, in particular the cambial layer, sur- 
vive and are capable of osteogenesis.''!*:1"5 Thus, the delay of the 
graft-host union, decrease in callus formation, and delayed initiation 
of creeping substitution have been observed in transplants without 
periosteum. Urist and McLean demonstrated that age affected the os- 
teogenic capabilities of the periosteum as young rat periosteal trans- 
plants produced new bone, whereas adult transplants did not.!29 How- 
ever, trauma to the adult periosteum prior to transplantation appears 
to activate the tissue into an osteogenic state.'!® Finally, several inves- 
tigators demonstrated that, while the periosteum may fail to produce 
marrow, it can still produce cortical bone.!"* 
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INTRACORTICAL ZONE. Some osteocytes may survive transplanta- 
tion by the diffusion of nutrients through canaliculi for some time 
after transplantation.** In vitro studies have shown that, even without 
a tissue fluid medium, some osteocytes can survive up to 24 hours.®? 
Although osteocytes may not undergo mitosis to provide a population 
of osteogenic cells, the fact that some osteocytes survive within the 
cortex of the transplant suggests the survival of other cells that are 
potentially osteogenic.’ In support of this, tissue culture studies and 
in vivo’ studies with tritiated thymidine and millipore chambers have 
suggested that vascular cell and intracortical mesenchyme may par- 
ticipate in new bone formation.!" 11> 128 

ENDOSTEUM AND Marrow. The ease with which transplanted en- 
dosteal and marrow cells gained access to nutrients was indicated by 
their continued survival, proliferation, and intracellular adenine tri- 
phosphatase activity.* 77? '?-15 Whether the endosteal cells play a 
more important role in osteogenesis than marrow cells do, or whether 
they are equal participants, is still debatable. Some authors have as- 
signed a larger role to the cells of the endosteum, as in the formation 
of a callus bridge in adult cortical bone defects. However, thymidine 
labeling indicated that endosteal cells proliferate more slowly than do 
adjacent marrow cells,” and that the marrow elements were capable 
of forming new bone and hematopoietic marrow.* !? 115 

Burwell has suggested that, after transplantation, an inductive 
system develops within the transplant which causes the cells of the 
endosteum and marrow to differentiate and form new bone.”*:*4 This 
inductive system would be initiated by “substances” released from the 
necrosing bone and marrow tissues and taken up by a population of 
cells thought to be of endosteal origin. Alternatively, primitive reticu- 
lar cells of the marrow may engulf these “substances.” ?* 24: 113 When the 
“inductive substance” is ingested, the cells are induced to differentiate 
into osteoblasts.”?: 24 Several experiments also indicated that the induc- 
tive mechanism is subject to influences such as the age of the recipi- 
ent” and the processing of the bone prior to implantation." 

Host ContTRIBUTIONS. The survival of a bone transplant depends 
primarily on the host since the cytological elements of the transplant 
itself are comparatively inert. Many of the host reactions to the trans- 
plant were described previously. In addition, periosteal, intracortical, 
endosteal, and marrow contributions from the host bone are similar to 
those from the transplant as discussed above. 

Surgical trauma can affect the host reaction to a transplant. 
Watson-Jones reported a decrease of reparative tissue surrounding 
bone defects after high-pressure burring and inadequate irrigation.”’ 
Albee emphasized that surgical trauma must be reduced to enhance 
the survival of transplanted bone.’ The site of transplantation may 
also influence the repair process. A stronger osteogenic response is ob- 
tained in a skeletal bed,’ and a cancellous site is superior to a dia- 
physeal site or a transplant.'” 

The mechanisms that control the repair of an injured bone are in- 
completely understood, as are the normal remodeling characteristics of 
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bone. However, present knowledge of bone cytology defines four major 
cell types that are probably specialized variants of the same cell. Au- 
toradiographic studies with tritiated thymidine indicate that the osteo- 
cytes, osteoblasts, and osteoclasts are incapable of mitosis.”* Young 
suggested that the formation of new bone cells was the function of an 
additional cell type variously named the osteoprogenitor, preosteoblast, 
or postosteoblast.'® 29 The osteoprogenitor incorporated thymidine, 
divided, and differentiated into one or more of the three classic types 
of bone cells. In addition, the osteoblast was capable of redifferentiat- 
ing to the progenitor state from which an osteoclast or osteoblast may 
again be formed. 


IMMUNOLOGICAL ASPECTS OF BONE TRANSPLANTATION 


Skeletal surgery often requires additional supplies of bone which 
may not be obtained from the host without unacceptable risks. There- 
fore, allogeneic and xenogeneic bone have been considered to be alter- 
natives to autogenous bone grafts. The clinical and experimental supe- 
riority of the autograft over the allograft has been well documented. 
The autograft is recognized as “self,” whereas the allograft and xeno- 
graft are recognized as ‘‘nonself.” This recognition of ‘“nonself” is a 
consequence of histoincompatibility between donor and host, ?* 3% 
41, 43, 58, 72, 78, 105, 130 and follows the same immunologic rules that operate 
in other tissue graft systems. !® 7%; 7% 26 107 


Evidence for Bone Immunogenicity 


Although allogeneic bone transplantation elicits a host immunolo- 
gic response, it is not known whether the immunogens responsible for 
the reaction come entirely from the transplanted bone. The major im- 
munogenic component in allogeneic bone transplants is thought to be 
the marrow. The cells and serum within the transplant are presumed 
to be antigenic, whereas the matrix of the transplant, which is com- 
posed of glycoprotein, collagen, and mucopolysaccharide, may or may 
not be antigenic. 

Evidence for bone immunogenicity was obtained in experiments 
that demonstrated second-set reactions in lymph node tissues, in- 
creased inflammation about allografts, and prolonged inflammatory 
reactions or altered patterns of allograft repair in recipients who were 
presensitized to the donor.!* 1% 2?- 25: 40. 63.105 Some investigators have 
suggested that the immune response to allogeneic bone transplants is 
preferentially directed toward the marrow contained in the bone.® 
Thus grafts devoid of marrow did not elicit a regional lymph node re- 
sponse or a second-set response when the skin had been first trans- 
planted to the recipient from the same donor.” ?* 8 However, these 
marrow-free cancellous allografts did exhibit decreased osteogenesis 
and lymphocytic infiltration as was found for cortical allografts that 
were devoid of marrow but also caused second-set skin reactions.” 
Burwell and his coinvestigators therefore suggested that the intensity 
of the immune response was proportional to the antigen concentra- 
tion.” *° Muscolo and coworkers recently reported that transplantation 
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antigens are located on bone cell surfaces and that a gene-dose effect 
could be partially discerned in their model.® 

Bone collagen has also been implicated as an immunogen in xen- 
ogeneic transplant studies, with the immunogen confined to the non- 
helical amino terminal end of the alpha one and two chains.® 78 Mil- 
lonig et al. reported on two distinct antigens that were not related to 
serum or erythrocytes.*° In an attempt to determine the immunogenic 
role of the bone matrix, Brooks et al. studied the immune response to 
fresh and decalcified allogeneic bone transplants.”* They reported that 
the matrix was immunogenic since transplants were rejected at an ac- 
celerated rate if preceded by skin transplants. In summary, the experi- 
mental evidence strongly suggests that bone contains immunogens. 
However, the identity of these immunogens has not been clearly defined. 


Histology of the Immune Response to Bone Allografts 


The initial histologic response of the host to a fresh allograft is 
similar to that of an autograft. At the end of the first week post- 
transplantation, an inflammatory response at the periphery of the graft 
is seen.* 18.19. 25. 26, 34, 38, 40, 58,106 The inflammatory reaction reaches a 
peak activity toward the end of the second week with lymphocytes as 
the major cell type present. During the next two months, lymphocytes 
continue to predominate and a fibrous tissue barrier encapsulating the 
allograft develops.'® The inflammatory response either abates at this 
point or can continue as chronic inflammation, persisting for eight 
months or more.” 1° 

The initial regenerating vascular pattern surrounding the allograft 
is less extensive than that occurring in the autograft and end-to-end 
anastomoses occur infrequently.*° At the end of the first week, inflam- 
matory cells are around the vessels, the vessels become occluded, and 
hyalinization of the vascular walls is apparent.*” ** °° Subsequently, 
progressive necrosis of the periosteal cells ensues and peripheral osteo- 
CylLeideatmlOcCuUrsse 1272232270 

The rate at which a transplant is incorporated into the host skele- 
ton indicates whether a transplant is accepted or rejected. Successful 
incorporation includes the formation of callus around the transplant- 
host junction as well as the internal repair of the transplant. New 
bone formation has been observed at the periphery of the autograft 
within the first week, with a maximal osteogenic peak near the end of 
the first week.* A similar process occurs in the allograft, although os- 
teogenesis may be quantitatively inferior.'” * 4° 1° 

Once the allograft undergoes necrosis as a result of vascular insuf- 
ficiency, a second phase of osteogenesis may be initiated by the host 
tissue approximately four weeks after transplantation.® ** ** °° This sec- 
ondary osteogenic phase in allografts is not as successful as osteogene- 
sis in fresh autografts since remodeling at two months is less complete 
than that found in comparable autogenous transplants, with resorption 
and new bone formation absent throughout the allogeneic trans- 
plant. 119 22, 24-26. 52,70 At eight months post-transplantation, transplant 
revascularization is not as complete as the autogenous vascularity at 


one month. ° 
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Figure 6. Representative roentgenograms are shown of allogeneic transplants in im- 
munologically suppressed recipients 4 to 24 weeks after transplantation. Row A, Allograft 
repair process resembling that frequently observed in autogenous transplants (see Fig. 4). 
Row B, Allograft repair comparable to that seen in autografts that fail to be incorporated 
normally showing delayed union at proximal end, nonunion at distal end, and a fatigue frac- 
ture that had healed at 24 weeks. (From Burchardt, H., Glowczewskie, F. W., and Enneking, 
W. F.: Allogeneic segmental fibular transplants in azathioprine immunosuppressed dogs. J. 
Bone Joint Surg., 59A:881-894, 1977, with permission. ) 


In a six month study of a fibula allograft in a dog, two basic 
courses of allograft repair were observed (Fig. 6). One repair course 
reflected strong genetic transplantation differences between the donor 
and host, as the allograft was rapidly and completely resorbed. Roent- 
genographic, microradiographic, and tetracycline fluorescence sug- 
gested that this vigorous rejection of an allograft occurs by continuous 
resorption at the periphery without any internal creeping substitution- 
al repair. 

The second allograft repair course was chronic and suggested less 
marked genetic transplantation differences between the donor and 
host. This second repair course was characterized by: (1) nonunion or 
delayed graft-host union; (2) an increased incidence of fatigue frac- 
tures concomitant with a loss in the transplant’s diameter; (3) consid- 
erably less internal repair (i.e., the amount of viable bone formed to 
replace necrotic bone: creeping substitution) than that seen for auto- 
grafts; and (4) the formation of a callus that bridged the transplanted 
segments. Others have also reported that the proliferation of callus tis- 
sue was greater in allografts than in autografts. Despite the formation 
of a bridging callus, the allografts were structurally weak since fatigue 
fractures and nonunions occurred frequently. 
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Mechanism of Bone Allograft Rejection 


Cellular immunity is considered to be the most important factor in 
the destruction of allografts. Humoral immune responses are thought 
to be insignificant in primary allograft rejection since passive transfer 
of antiserum in excess of what is needed to destroy lymphoid or bone 
marrow cells fails to damage allogenic skin transplants in vivo. Con- 
versely, passive transfer of relatively few sensitized lymphocytes 
caused rapid destruction of skin allografts.‘ Studies with split-skin al- 
lografts separated from the host by millipore chambers demonstrated 
that recognition of the foreign tissue by the host required some form of 
direct cellular contact with the transplant.* !”¢ 

The role of lymphoid cells in the rejection of bone grafts was fur- 
ther suggested by the discovery that autogenous, allogeneic, and xen- 
ogeneic bone transplants in millipore chambers survived in hosts with- 
out a rejection episode.* * Allografts of equal size, but not in millipore 
chambers, were rapidly destroyed. Further evidence that bone allo- 
graft rejection is mediated through the cellular immune system was 
seen in the adoptive transfer of lymph or spleen cells which caused 
second-set responses to skin transplants from the same donor (i.e., im- 
mune serum did not affect bone graft survival),'*?° 7” and that lymph 
node cells presensitized to allogeneic bone transplants or tumors ex- 
pressed cytotoxic effects.' * !°' Finally, Langer et al. reported that cor- 
ticocancellous marrow containing allografts caused migration inhibi- 
tion of host leukocytes in the presence of a spleen cell suspension.” 

The consensus is that circulating antibodies are not a significant 
cause of the rejection of allogeneic bone transplants. !* ** ?> 34:35 Howev- 
er, some in vitro evidence suggests that bone resorption and lysosomal 
breakdown of cartilage matrix can occur in the presence of 
complement-sufficient antisera against donor cell membrane anti- 
gens.*7*° Other reports showed that leukocytes from bone allografts or 
tumor recipients were inhibited in an in vitro migration assay in the 
presence of autogenous sera containing cytotoxic antibodies supple- 
mented with complement.!* 7”: * The studies of Langer et al. demon- 
strated that the peak production of cytotoxic antibodies to the bone 
allografts coincided with the maximum degree of cellular immunity 
measured by the migration inhibition test.” Friedlander, Elves, and 
Muscolo and coworkers also reported the appearance of cytotoxic anti- 
bodies to fresh corticocancellous and cortical allogeneic trans- 
plants.** 48-8 Therefore the evidence suggests that antibodies are 
formed to bone allografts, but they may not be directly involved in the 
rejection episode as has been suggested for kidney allografts. On the 
other hand, some authors also suggest that the production of antibod- 
ies may lead to blocking or enhancement of allografts.* 

In summary, the accumulated evidence suggests that bone is im- 
munogenic and that marrow contributes significantly to this immuno- 
genicity. The histoincompatibility antigens in allogeneic transplants of 
bone are presumably the protein of glycoproteins on cell surfaces, 
whereas cytoplasmic and nuclear components or matrix constituents 
are not known to elicit transplant rejection.*: 1° 1° At present, it is not 
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known whether the rejection of a bone allograft is antibody-mediated, 
cell-mediated, or both.’ If sensitized lymphocytes contact foreign cell 
surfaces, a series of unknown reactions occur that result in graft cell 
destruction. Cytotoxic antibodies can participate in organ graft de- 
struction if complement is present. Other immunologic factors in the 
immune rejection episode must include the chemotactic and osteoclas- 
tic activating factors (OAF),** *® release of anaphylactoxins, and the 
associated inflammatory hallmarks such as vasoconstriction, vasodila- 
tion, sticky platelets, and thrombus formation. 


ALTERATION AND CIRCUMVENTION OF THE IMMUNE 
'> RESPONSE 


Many techniques have been devised to minimize the antigenic dif- 
ferences between the donor and the recipient of a bone allograft. 
Blocking the host’s immune response and destruction of the antigens 
within the bone allograft have been suggested as a means of minimiz- 
ing antigenic differences.® 8 § 8.9 Bone allografts that are treated to 
destroy the antigenicity prior to use lack viable cells and therefore will 
be referred to as implants rather than transplants. 


Boiled, Deproteinized, Decalcified, Merthiolated, and Irradiated 
Bone Implants 


Many exotic materials have been used clinically as substitutes for 
autogenous bone grafts such as cowhorns, ivory tusks, and bovine 
bone.*® 7: 74 Bovine bone was a relatively popular alternative to au- 
togenous bone during the 1950’s and early 1960’s. The clinician had 
two choices: Keil bone, which was bovine bone treated with hydrogen 
peroxide and defatting agents, and Boplant, which was bovine bone 
treated with 6-propiolactone and freeze-dried.” Both types of xenogen- 
ic implants became clinically unacceptable because the antigens were 
not destroyed and therefore elicited rejection episodes characterized by 
fever, inflammation, resorption, or sequestration.*® 67.92 Burwell suggested 
that B-propiolactone, used as a sterilizing agent, might chemically alter 
the natural immunogenicity of the bone by inducing the formation of an- 
other antigen. Thus, a freeze-dried bone allograft did not lead to an- 
tibody formation, but freeze-dried, 8-propiolactone-treated bone did 
elicit an antibody response.”® 

Burwell and his coinvestigators reported that boiling destroyed the 
antigens with the bone.”>*.*° Of all the implants described, boiled 
bone is least successfully incorporated by a recipient because the in- 
ductive repair capacity has been completely destroyed.?® ® 114: 24 De- 
spite loss of induction, some excellent clinical results have been claimed 
in boiled xenogeneic and allogeneic bone implants. *” 7 124 

Deproteinized bone implants were obtained by ethylenediamine ex- 
traction or glycerol-ashing.”* 4” °°! 67-87 Mechanically, these implants 
were quite fragile and were used primarily to fill small skeletal defects 
that did not require metallic fixation devices, and they did not serve as 
supportive skeletal struts. One article reported excellent clinical re- 
sults.*' Experimentally, deproteinized implants caused accelerated re- 
jections of secondary fresh skin allografts. Similar findings were noted 
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if the first transplant had been deproteinized and freeze-dried. Other 
experimental reports indicated that deproteinized implants were not 
well incorporated into the host skeleton as compared with autografts, 
although second-set rejection was not observed.”*: 7 Anderson et al. de- 
termined that the deproteinized implants did net provoke an inflam- 
matory response, although greater numbers of multinucleated giant 
cells were associated with the implant than were observed with fresh 
allogeneic transplants.® 

In direct contrast to deproteinized implants, decalcified bone im- 
plants have been tried as substitutes for bone autografts.® °’ Brooks et al. 
reported that decalcified and frozen implants caused accelerated rejec- 
tions of secondary fresh skin and bone allografts.2°* Urist, however, 
obtained good skeletal healing with surface-decalcified, allogeneic bone 
chips implanted together with autogenous bone chips, in contrast to 
freeze-dried chips implanted alone.''* Generally the investigators stated 
that organic, decalcified implants healed skeletal defects more success- 
fully than did inorganic implants. 

Some investigators have treated bones with thimerosal (Merthio- 
late). The merthiolated implant has been reported to elicit a regional 
lymph node response if the recipient had been presensitized to the 
donor. Bonfiglio reported that merthiolated implants elicited little os- 
teogenesis and callus proliferation, and, if the implant fractured, there 
was little attempt by the host to heal the implant.'* These poor experi- 
mental results were also reflected in clinical data that showed three 
times as many failures as occurred with autogenous transplants (i.e., 
failure indicated by pseudarthroses, nonunions, and fatigue frac- 
tures).?’7 In another clinical study, Reynolds, Oliver, and Ramsey re- 
versed their earlier support for merthiolated banked bone, stating that 
approximately 30 per cent of the merthiolated implants failed.'” 

Irradiation of bone has been used as a sterilizing process and 
as a means of destroying the antigens contained within the 
bone. !”: 76 38-75-16 Sterilization of bone by irradiation requires approxi- 
mately 2 to 3 megarads, which is also sufficient to destroy transplanta- 
tion antigens.'!* !7 However, the number of megarads required for 
sterilization exceeds the amount that the bone can withstand and still 
induce host osteogenesis.'!*:!!7 Additional problems associated with 
irradiation include tissue activation, the type of contaminant that radia- 
tion is to sterilize, the production of mutagenic radicals that may remain 
for years, the lack of effects on bone immunogenicity (i.e., second-set 
skin rejections were noted),** the effect on the physical integrity of the 
tissue, the state (freeze-dried, frozen, hydrated, etc.), and the size, shape, 
and density the tissue should be in to be irradiated. 


Frozen and Freeze-Dried Bone Implants 


Frozen bone implants were frequently used as substitute materials 
for autografts since they were considered to be nonantigenic. Howev- 
er, the following experimental and clinical findings demonstrated that 
bone immunogenicity was partially retained: (1) a cellular foreign 
body reaction occurred which was less intense than that of fresh allo- 
geneic transplants but which sometimes persisted for 7 months;'*"* (2) 
second-set skin transplant rejections could be experimentally 
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induced;'™" (3) frozen marrow-free iliac implants in presensitized re- 
cipients caused a regional lymph node response; (4) frozen corticocan- 
cellous allogeneic bone elicited cytotoxic antibodies;** ” (5) revascu- 
larization of frozen implants was delayed at least one month;** ® (6) 
freezing destroyed the early osteogenic peak and adversely affected the 
amount and incidence of new bone and callus formation;'® and (7) 
fractured implants usually did not reunite.'® 

Immaliev reported that freezing bones for approximately one 
month at —60° to —70°C generally resulted in excellent clinical results, 
although 20 per cent of the reported frozen implants failed.” On the 
other hand, Wilson reported that frozen bone implants were clinically 
unacceptable because they- were not incorporated.” Ottolenghi, who 
reported on 62 long-term cases with large segmental allogeneic frozen 
bone implants, indicated that 42 per cent of the frozen implants failed 
either by fatigue fractures (9 of 62), nonunion (11 of 62), or resorption 
of the implant (6 of 62).8° Parrish reported a similar high incidence of 
long-term clinical failures of large segmental allogeneic frozen bone 
implants. Eight of 22 showed fatigue fractures, and 4 of 22 showed 
delayed union or nonunion of the graft-host junction.” 

The most commonly used bone substitute for autogenous bone 
transplants is the lyophilized allogeneic bone. Lyophilization reported- 
ly impairs antigenicity, even though it has been found that plasma 
and other proteinaceous materials are chemically, antigenically, and 
electrophoretically stable immediately after lyophilic processing and 
after many years of storage. Today, freeze-dried, crushed cancellous 
chips or strips of cortical bone may be obtained for the clinical packing 
of small defects or the bridging of large defects. Early experimental 
studies demonstrated that incorporation of cortical freeze-dried im- 
plants was slightly delayed compared with fresh cortical autograft in- 
corporation, but was superior to frozen cortical implant incorpora- 
tion.®* Destruction of bone antigens was assumed since the regional 
lymph nodes did not respond to the freeze-dried implants, antibody for- 
mation could not be detected, and second-set rejections of skin trans- 
plants could not be induced by the implants. 

Burwell reported that primary freeze-dried, marrow-containing im- 
plants caused secondary transplanted skin allografts to be retained 
slightly longer than primary skin allografts, suggesting that freeze- 
dried implants somehow enhanced second graft survival.22 Other stud- 
ies with freeze-dried bone implants demonstrated that host bone for- 
mation and callus production were reduced, that lymphocytes were 
sometimes observed near the implant, that revascularization was de- 
layed approximately one month, and that the early osteogenic phase 
was absent, although the secondary osteogenic phase occurred nor- 
mally two months post-transplantation. Freeze-drying also resulted in 
mechanical changes in the bone such as microfractures and altered 
physical properties due to dehydration. 

The final evaluation of freeze-dried bone implants is incomplete. 
Successful results have been recorded for crushed cancellous chips 
used in arthrodeses and small bone cysts.'* !23 Similar clinical success 
has been recorded for freeze-dried cortical segments in the fixation of 
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long bone fractures.” > Long-term evaluations, however, suggest com- 
plications similar to those found for frozen bone implants (i.e., fatigue 
fractures, nonunion, or delayed graft-host union, and occasionally 
complete implant resorption). 


Immunosuppression and Allogeneic Bone Transplantation 


The alternative to an allogeneic bone implant would be a viable 
transplant that has both a strong inducing effect on the host tissue 
repair process and the ability to participate in the repair process it- 
self.°® °° ?” Fresh allogeneic bone segments, however, present an im- 
munologic problem. To prevent rejection of the transplant, a state of 
immunologic suppression must be induced. The use of cortical bone 
allografts in immunologically suppressed recipients can be considered 
because of the mechanism of repair, which is postulated to occur in 
the following sequence: (1) normal autogenous creeping substitution 
removes donor antigens at the same time that the transplant is being 
incorporated into the host skeleton by callus formation; (2) apposition 
of new bone, as a second phase of creeping substitution, sequesters 
the remaining allogeneic matrix; and (3) allograft incorporation per- 
mits the discontinuing of immunosuppressive therapy because debris 
from future repair of the necrotic allogeneic matrix will be minor and 
too isolated to cause host sensitization. 

Circumventing the immune system could be accomplished by in- 
ducing tolerance in the host, matching donor and host with careful 
tissue typing, or treating the host with potent immunosuppressive 
drugs. 

TOLERANCE AND ENHANCEMENT. Tolerance is defined as the state 
of immunological unresponsiveness to a specifically defined antigen. 
Tolerance may be established by the interaction of antigen, or antigen- 
antibody (Ag-Ab) complexes, with specific receptors of immunological- 
ly competent T or B cells and results in the deletion of these cells.** '™ 
Enhancement, an immunologic phenomenon related to tolerance, is 
defined as immunologic unresponsiveness wherein the antibody pre- 
vents the antigen from interacting with specific receptors or immuno- 
competent cells. The controversy over whether an individual has been 
made tolerant to an antigen or whether enhancement has been estab- 
lished is still unresolved, although both phenomena can mediate pro- 
longed transplant survival. Bone transplantation with induced toler- 
ance has not been extensively studied, and the few studies that have 
been reported were contradictory.'”'® 41 °° 8° However, when enhance- 
ment or tolerance was achieved in allogeneic bone graft recipients, in- 
flammation, revascularization, and remodeling approximated the find- 
ings for autogenous bone transplants. 

TissuE TYPING. Tissue typing can be used to match the histo- 
compatibility characteristics of the donor and host so that the trans- 
plant antigens are not recognized as “nonself”’ by the host immune 
system. The present relationship between tissue typing and the ability 
to predict the survival of an allografted tissue in a recipient is not 
clear. Serological and lymphocyte defined (SD and LD) transplantation 
markers have been used to predict or to enhance the survival of trans- 


420 H. BuRCHARD?T AND W. F. ENNEKING 


induced;'*'!® (3) frozen marrow-free iliac implants in presensitized re- 
cipients caused a regional lymph node response; (4) frozen corticocan- 
planted tissues. However, a favorable prognosis tends to occur be- 
tween related rather than unrelated donor-recipients.' ** Several stud- 
ies that used SD marking techniques demonstrated that these methods 
did not adequately predict the survival of transplanted tissues or the 
intensity of an MLR test. In part, the unpredictability of serotyping 
may be the result of serologically undetected loci that are, however, 
reactive in in vitro mixed leukocyte responses (MLR). Conversely, dogs 
purposely mismatched at the SD locus resulted in enhanced survival 
of skin transplants, whereas matched donor-recipients resulted in re- 
jection of the transplant.** > 

Matching the transplant recipient with the donor by MLR tests has 
been more successful. A high MLR response between the recipient and 
the donor was correlated with transplant rejection, and a low MLR 
response resulted in the enhanced survival of the transplant.” *!°” 
Generally, LD matching between related dogs results in better trans- 
plant prognoses than does matching between unrelated animals.''® Be- 
cause inconsistencies have been noted between LD matching and 
transplant survival, it has been suggested that other transplantation 
loci in linkage disequilibrium with the LD locus may influence the 
course of transplant survival. 

Transplantation studies have been further complicated by the in- 
creasing evidence that the rejection of an organ transplant may in- 
volve both lymphocytes and antibodies. Van Rood suggested that, ina 
nonsensitized recipient with no lymphocytotoxic antibodies, transplant 
survival is enhanced with an LD match rather than an SD match. 
Conversely, the presence of lymphocytotoxic antibodies in the recipient 
suggests that the transplanted organ will be immunologically attacked 
because of SD and LD differences. Therefore, in the second case, an 
LD and SD match is important for the prolonged survival of the trans- 
planted organ.'!* 

The use of tissue typing for allogeneic bone transplantation has 
not been fully appreciated. The recent advances in transplantation ge- 
netics and the availability of a quantitative bone transplantation 
model provide the opportunity to analyze this approach. This approach 
is attractive since a perfect or near-perfect tissue antigen match may 
not be required, especially because of the repair process observed with 
cortical bone grafts. Similarly, knowledge of the degree of antigenic 
mismatch gained by tissue typing may permit a more efficient use of 
immunosuppressive drugs to prolong the survival of the graft. 

Druc THERAPY AND BONE TRANSPLANTATION. The use of immun- 
osuppressive drugs with cortical bone allografts has been considered 
recently. In theory, the suppressive drugs would be required for a short 
finite time interval after transplantation as compared with the sup- 
pressive regimens required for a renal transplant. This approach is 
based on the creeping substitutional repair process in which osteons 
are repaired and the interstitial lamellae of the graft are sequestered. 
The subsequent physiologic remodeling or repair tends to occur in the 
repaired osteons and not in the necrotic matrix.” It is postulated be- 
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cause of this pattern of repair that while the recipient of a fresh allo- 
graft is immunosuppressed, normal autograft repair would occur. 
Thus, allogeneic bone antigens would be eliminated either by creeping 
substitution or by autolysis of donor graft cells during the state of im- 
munosuppression. Once new bone has formed as a secondary phase of 
creeping substitution, the remaining allogeneic matrix would be pri- 
marily sequestered, and therefore would no longer elicit an immune 
response from the host. 

In a recent study, cortical allografts were assessed in dogs treated 
with azathioprine for six months as alternatives to autogenous cortical 
bone transplants. Collectively, the data suggested that: (1) the host’s 
capacity to repair the autografts was not altered by azathioprine thera- 
py; (2) the therapy was partially successful in allowing 50 per cent of 
the allografts to be incorporated into the host skeleton in a manner 
that resembled the incorporation of autografts; (3) as a group the allo- 
grafts in suppressed recipients approximated autografts by the per- 
centages of fatigue fractures, nonunions, and transplants considered 
to be clinically successful; (4) the repair of allogeneic bone transplants 
in nontreated recipients was significantly different from that of auto- 
grafts in both suppressed and nonsuppressed animals and from that of 
the allografts in the azathioprine-treated recipients; and (5) the varia- 
tion in which the allograft persisted in the suppressed recipients may 
have been a result of the recipient’s susceptibility to azathioprine, the 
degree of donor-recipient histoincompatibility, or both. The results 
therefore suggest the restricted feasibility of using drugs to block an- 
tigen recognition in a recipient with a cortical bone allograft. For the 
results to be more favorable, a decreased interval of immunosuppres- 
sion will have to be determined concomitant with an incorporation 
process that approximates autografts. 


SUMMARY 


Cancellous and cortical autogenous bone transplants histologically 
have three differences: (1) cancellous grafts are more rapidly and com- 
pletely revascularized than are cortical grafts; (2) creeping substitu- 
tion of cancellous bone first involves an appositional bone formation 
phase and secondarily a resorptive phase, whereas cortical grafts un- 
dergo a reverse creeping substitution process; and (3) cancellous 
grafts tend to be completely repaired in time, whereas cortical grafts 
remain as admixtures of necrotic and viable bone. 

One factor in cortical transplant repair is the physiologic skeletal 
metabolism of the host, which influences the rate, amount, and the 
completeness of repair. Cortical transplant repair is further character- 
ized by its spatial ordering; it is located at the periphery and near the 
graft-host junctions, and it is located within the cortical interior and 
migrates from the junctions to the mid-region of the transplant. The 
ordered repair process is also characterized by its preferential repair of 
osteons rather than of interstitial lamellae. 


422 H. BurRcHARDT AND W. F. ENNEKING 


The mechanical strengths of cancellous and cortical grafts may be 
correlated with their respective repair processes: cancellous grafts 
tend to be first strengthened, whereas cortical grafts are weakened. 
With time, both types of grafts return to normal mechanical strength. 
In an experimental study, cortical bone graft strength was gained in 
approximately one to two years as the internal porosity approached 
that of normal bone.” 

The incorporation of a transplant is a function of both the host and 
the remaining viable cells of the transplant. The degree of participa- 
tion by either population is not known. The osteogenic cells required 
for the repair processes may be derived from the periosteum, endos- 
teum, intracortical bone, and the marrow. The repair process may be 
influenced by the amount of surgical trauma, site of transplantation, 
and the transplant’s capability for inducing differentiation of osteogen- 
ic cells. 

Allogeneic transplants of bone and cartilage follow the immunolo- 
gic principles of other tissue allografts. Fresh bone allografts may be 
variously rejected as directed by the host’s immune system. Cartilage 
is less apt to provoke or be affected by an immune response because of 
its relative avascularity, acellularity, and because of its matrix compo- 
sition which may act as a mechanical barrier. The histoincompatibility 
antigens of both cartilage and bone allografts are presumably the pro- 
tein or glycoprotein on cell surfaces, whereas the matrix may or may 
not be known to elicit transplant rejection. The rejection of bone and 
cartilage allografts is considered to be cellular rather than humoral, 
although the humoral component may play a role in the rejection of 
both tissues. The degree of the host’s response to an allograft may be 
related to the antigen concentration and gene dose. The rejection of a 
bone allograft is histologically and variously expressed by the disrup- 
tion of vessels, an inflammatory process dominated by lymphocytes, 
fibrous encapsulation, peripheral graft resorption, callus bridging, non- 
unions, and fatigue fractures. 

Because bone and cartilage differ from other tissues, the immun- 
ologic principles of tissue transplantation may be modified. Cartilage 
has been stated to be immunologically privileged because its composi- 
tion modifies the afferent and efferent components of the host immune 
system. Bone differs from other tissues in two ways: it functions both 
physiologically and physically and it is capable of repairing itself by 
the formation of the same tissue. Thus, unlike renal allografts, a hu- 
moral assault on a segmental bone allograft may not be disastrous un- 
less it leads to a loss in the physical integrity of the graft. Similarly, 
there is some evidence that fresh bone allografts cause the formation 
of a callus bridge by the host which mechanically strengthens the 
grafted site. 

The capacity for bone to be repaired or just to function physically 
has been used as the basis for two approaches by which one may ob- 
tain an alternative to a bone autograft: implants and temporary im- 
munologic suppression of the host. Two frequently used methods to 
obtain implants employ deep-freezing and freeze-drying. The clinical 
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usefulness of these implants is currently being debated. The second 
alternative approach to an autograft is that of temporary immunosup- 
pression of the host while the allograft undergoes creeping substitution 
and deletion of transplantation antigens. This concept is in its infancy 
and requires advances in the fields of tolerance, enhancement, tissue 
typing, and the use of immunosuppressive drugs. The use of drugs 
with tissue-typing procedures appears feasible until tissue typing can 
be made more predictive. 
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Symposium on Organ Transplantation 


Osteochondral Transplantation 


Marvin H. Meyers, M.D.,* and Satya N. Chatterjee, M.D.t 


Since the turn of the century many investigators have been intri- 
gued by the concept of transplantation of cartilage to resurface joints 
whose articular hyaline cartilage has been destroyed by trauma or de- 
generative disease. For this method to be successful several postulates 
can be proposed. The chondrocytes must survive transplantation. They 
must retain their vigor and continue to produce two main components 
of hyaline cartilage, collagen, and proteglycans. The cartilage graft 
must readily unite to the host bone. Finally, the transplanted cartilage 
must be capable of resisting the immunogenic forces in the host. Auto- 
grafts should not be expected to evoke a rejection response. 

Survival of allogeneic cartilage grafts is dependent upon the ca- 
pacity of hyaline cartilage to resist immune responses by factors that 
protect it from immunocompetent cells of the host. These factors may 
be inherent in the donor tissue or can be supplied by immunosuppres- 
sive agents. 

The rejection process of allograft cartilage is thought to be cell me- 
diated rather than humoral. While antibodies may be formed to the 
allograft, the matrix of cartilage itself can act as a mechanical barrier 
to the antibodies. However, once the disruption of the matrix occurs, 
there may be diffusion of antibodies into the graft. Immunocompetent 
cells may also produce lymphokines which can more easily penetrate 
the cartilage matrix than antibodies because of the molecular size and 
may play a role in the rejection of cartilage allografts. Finally, because 
of the anatonic relationship between articular cartilage and bone in 
joint reconstruction, the primary immune response will probably be in- 
itiated by the allogenic antigens present in the bone. Thus, the allo- 
genic cartilage may not stimulate the immune response, but it still 
may be destroyed by the host’s immune response directed primarily to 
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the bone allograft and then later gets replaced by fibrocartilage.** In 
an immunologic review on cartilage by Elves, the author reports that 
whole joint reconstruction with allografts tends to be chronically re- 
jected despite immunosuppression.” ”* 

The literature is voluminous and conflicting with regard to suc- 
cessful implantation of cartilage autografts and allografts. Several 
workers have reported disappointing results with autogenous joint im- 
plants.1° 1; 2-19 Others have successfully implanted osteocartilaginous 
autografts in small animals.* ?” A similar conflict exists in the litera- 
ture pertaining to osteochondral allografts in small animals. 

Survival of chondrocytes in human allografts has been reported as 
long as 22 years after transplantation.’ Others have had similar suc- 
cess with allografts in animals.” *7 On the other hand, Herndon and 
Chase reported the ultimate replacement of hyaline cartilage by fi- 
brous tissue in allografts and autografts by a gradual, slow, process." 

The matrix has been cited as the protective element for the chon- 
drocyte.” ©” Even though antigens of the major H-antigen system are 
present in the cell membranes of chondrocytes,’ it has been suggested 
that the large molecular size of the antigens prohibits diffusion 
through the matrix. Thus, the host-versus-graft reaction cannot be ini- 
tiated. 

Experimental enzymatic dissolution of the matrix of hyaline car- 
tilage frees the antigens of the chondrocyte and an immunological re- 
sponse can occur. It can then be stated that hyaline cartilage is an 
immunologically privileged tissue by virtue of the protection by the 
matrix. More recently, a “blocking antibody” has been suggested as 
one of the protective mechanisms for hyaline cartilage.?! Many authors 
believe that treatment of allografts by freeze drying techniques re- 
duces the immunogenicity and delays degeneration of hyaline carti- 
lage.'® 75-28 However, it is reasonable to anticipate the death of all 
chondrocytes by freezing. Mankin and associates” have reported sur- 
vival of 15 per cent of the chondrocytes in frozen osteochondral allo- 
grafts previously treated with glycerin. 

Thus, if successful transplantation of articular cartilage is depend- 
ent upon the survival of chondrocytes, fresh grafts are preferred to fro- 
zen grafts. Although 15 per cent of the chondrocytes survived in Man- 
kin’s series, the vigor of the cells was not determined. 

Autologous osteochondral grafts in the dog have been shown to be 
metabolically indistinguishable from normal cartilage.”° Although prior 
studies of fresh allogeneic grafts have been demonstrated to survive by 
morphological and autoradiographical studies, the metabolic activity 
of the chondrocytes in the transplants has not been adequately as- 
sessed.* * °? Further research is necessary to determine the capacity of 
the chondrocytes in fresh allografts to continue production of collagen 
and mucopolysaccharides. 

Hyaline cartilage grafts without underlying subchondral bone in- 
evitably fail since cartilage cannot unite to host bone. Composite 
grafts with subchondral bone are necessary for union between host 
bone and graft. Implants with a large bony component reportedly have 
failed due to collapse of the bony framework." 2°?! This has been at- 
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tributed to the failure of ingrowth of new bone from the host to keep 
pace with the reabsorption and replacement of the necrotic donor 
bone. Shell grafts with a minimum of bone have been successful, how- 
ever, since it is possible for the minimal amount of dead donor bone to 
provide structural stability for the overlying cartilage while it is being 
replaced by creeping substitution.* 27 

Adequate fixation with metallic devices and accurate fitting of os- 
teochondral grafts has been proposed as important requirements for 
success." '*'6 More recently successful autografts” and allografts'® 2 
in the human knee have been reported in man without the need for 
internal fixation. The coefficient of friction between the opposing can- 
cellous surfaces of host and donor bone, as well as the pressure of the 
femur against the tibia, provide adequate fixation and prevent dis- 
placement of the grafts. 

Before discussing the recent reports of successful osteocartilagin- 
ous grafts to resurface joints in man, a brief discussion of the immun- 
ological aspects of the problem is in order. 

An autograft is a transplant from one area to another in the same 
individual, whereas an allograft is one between genetically disparate 
members of the same species. Due to the architectural differences be- 
tween joints, orthotopic placement (i.e., a left lateral plateau for a left 
lateral plateau, etc.) is necessary to provide congruous surfaces. 

Rejection occurs when the donor graft, which possesses HL-A his- 
tocompatibility antigens in the cell membranes of interstitial and en- 
dothelial cells, and which are absent in the host, stimulates the rejec- 
tion response. This is a complex process mediated by lymphoid cells by 
way of the vascular system. As has been stated, the cancellous bone of 
the composite graft is minimally antigenic and this may be minimized 
by freezing. However, freezing probably kills the chondrocytes. 

The hyaline cartilage of composite allografts may be immunologi- 
cally privileged due to the absence of endothelium and the protection 
of the chondrocytes provided by the matrix. The possible presence of 
“a blocking antibody” also provides immunological protection to the 
cells in the hyaline cartilage. 

Cross matching donor cells with recipient serum to exclude the 
presence of pre-existing antibodies and tissue antigen matching of 
donor and recipient would help to guarantee successful implantation 
of an osteochondral graft. However, success has been possible without 
blood grouping and tissue typing.'® *° 

Most reports of joint allotransplantation in man describe results 
with previously frozen grafts because of the general belief that this 
decreases the antigenicity of the graft.* 1*?* °° Most have utilized a 
large amount of bone. The undesirable side effects have been death of 
the chondrocytes, ultimate arthritic changes, and subsequent collapse 
of the underlying bone on weight-bearing in many cases. 

Successful allotransplantation of fresh cadaver grafts transplanted 
soon after death of the donor and without prior freezing has been re- 
ported by Gross and coworkers with tibial plateaus and femoral con- 
dyles.'® Outerbridge has had similar success resurfacing the articular 
portion of the patella.” 
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Figure 1. A, Preoperative x-rays showing advanced destruction of lateral cartilage space. 
B, Postoperative x-rays two years and nine months after osteocartilaginous allotransplanta- 
tion of lateral tibial plateau. Lateral cartilage space is good. 
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The senior author has used fresh allografts to resurface tibial pla- 
teaus (Fig. 1) femoral condyles, and the collapsed portions of the fe- 
moral head following avascular necrosis since 1973. To date, success 
has been achieved in 17 of 19 cases.2* Immunosuppression has not 
been used because of the “privileged” status of the hyaline cartilage. 
These grafts have been shell grafts and union with replacement of the 
subchondral bone by recipient bone has occurred in all cases. 

One advantage of this procedure is that it can be done in young 
patients not suitable for artificial replacements. Total joint replace- 
ment has disadvantages due to early as well as late infections, loosen- 
ing of the device because the cement used to fix the components is 
fragile, and unknown long-term effects of methyl methacrylate. Recon- 
struction following infection or loosening is technically very difficult 
and often impossible. 

Presently, allografts can be said to “buy time” in the young patient 
and do not preclude later replacement with an artificial joint. 

Allotransplantation of fresh grafts still is an experimental proce- 
dure. Over the short term the results have been promising. The ulti- 
mate fate of the transplants is not known but they have served as a | 
satisfactory intermediate alternative procedure in special instances. 

_More series with larger numbers of long-term results are necessary to 
establish osteochondral allografting as an acceptable technique for re- 
surfacing of joints. 

Procurement of a sufficient supply of donor organs and tissue has 
been impeded by a lack of knowledge on the part of potential donors 
and their next of kin, as well as the lack of cooperation by many physi- 
cians and medical personnel in this endeavor. Recent legislation in 
several states authorizes removal of organs from potential donors in 
the event of accidental death by prior signature on their driver’s li- 
cense. Stronger efforts must be made by physicians to educate the 
public about the need for donors. 
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Transplantation of Skin 
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Skin regenerates rapidly and completely when only a partial thick- 
ness loss is suffered, but does not regenerate at all if it is injured 
through its entire thickness as in a third degree burn. In such in- 
stances, the defect eventually fills with granulation tissue covered by a 
thin, friable epithelium, which is fairly satisfactory if the area is not 
too large. 

The treatment of larger full thickness defects poses an immediate 
and serious surgical problem. In order to avoid fatal metabolic de- 
rangements or infection, the goal must be to convert the open, con- 
taminated wound to a closed, clean wound in the shortest possible 
time. Ultimately, by currently available methods, the defect must be 
covered by the patient’s own skin, and in the majority of cases, repeat- 
ed skin grafting from uninjured donor areas is an adequate solution to 
the problem. However, if the area of normal skin available as donor 
site is insufficient to provide reasonably prompt skin graft closure, an- 
other method of wound coverage, albeit temporary, must be sought. 
Some common approaches to covering large open wounds are: surgical 
or chemical dressings (e.g., silver nitrate, Sulfamylon), xenograft skin, 
allograft skin (related donor or cadaver donor), synthetic “skin,” and 
autograft skin. 

The topical antibacterials, such as 0.5 per cent silver nitrate or 
Sulfamylon, effectively limit bacterial colonization in burn wounds 
and unquestionably have been one of the major advances that have 
led to a reduction in mortality following such injuries.”° Unfortunately, 
their effectiveness is limited if the denuded area exceeds 60 to 70 per 
cent of the body surface. In such cases, the length of time required to 
resurface the burn in stages from the limited donor sites allows devel- 
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opment of resistant organisms and eventual fatal infection. In addi- 
tion, the extreme hypercatabolic state accompanying such burns may 
itself prove fatal, since it is not appreciably altered until the wound is 
covered by some type of skin. Unfortunately, none of the synthetic 
body surface coverings has proved to be an effective substitute for 
skin. Thus, at present, foreign skin continues to represent the most 
useful method of reducing fluid, protein, heat, and energy loss, control- 
ling infection, and protecting underlying structures. 


HISTORY OF SKIN TRANSPLANTATION 


The transplantation of ‘skin as a free graft would seem to be simple 
enough in conception and execution so that it could have been prac- 
ticed by primitive surgeons. However, recorded history available in the 
Western world has it that skin grafting was unknown to the ancient 
Egyptians and Greeks, although it may have been used in the area of 
Benares in northern India about the time of Buddha (almost 2500 
years ago), especially by the school of the great surgeon-teacher, 
Sushruta. Free skin grafting does not appear to have been in the ar- 
mamentarium of the Moslems during the early centuries of the Chris- 
tian era, but there are interesting accounts of the method cropping up 
in Sicily, where a father and son team developed a number of plastic 
surgical practices in the course of their itinerant activities near Catan- 
ia in the 15th century. News of their successes in promoting the heal- 
ing of wounds probably traveled slowly in those days, and there must 
have been many a claim by charlatans, which would have been diffi- 
cult to distinguish from the rare advance of real substance. That we 
still know of the efforts of the Brancas in Sicily is attributed to the fact 
that their work was witnessed by a military surgeon of the order of 
Teutonic knights according to an interesting account by Saunders.” 
The later exploits of Tagliacozzi, recently celebrated by Gnudi and 
Webster,'> were also notable, especially his well known method of 
nasal reconstruction by a skin flap from the arm. The emphasis that 
he and others placed on skin flaps suggests that the deficiencies in 
healing of free grafts were rather widely appreciated. One presumes 
that the grafts may have been left too thick to permit satisfactory heal- 
ing. 

By the early 19th century, concerted efforts were begun to work 
out techniques for free grafting that would ensure a high rate of suc- 
cess. The first fully verifiable scientific account of free skin grafting, 
that of Bunger, described the use of a full thickness autograft for nasal 
reconstruction.* The important technical advance of Reverdin, who 
found that small “split thickness” skin grafts could also be used with a 
high degree of success and without permanently injuring their donor 
sites,” was soon followed by more extensive use of full and split thick- 
ness grafts by Lawson and Ollier. Thirsch appears to have reinvented 
the method of split thickness grafting three years after Reverdin, and 
his account may have made an inordinate impact since it was accom- 
panied by the first histological study of graft healing. 

The history of skin transplantation is rich with many other ac- 
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counts of technical improvements and of various uses for this widely 
applicable method. Since the taking of the donor skin was usually the 
most painful and demanding part of the procedure, the use of donors 
other than the recipient must have been tried at least from time to 
time. Thus slaves and others not in a position to object were readily 
available donors. An appreciation of the true expectations one should 
have regarding the survival of allografts or xenografts began in the 
early years of the present century with the work of Schone in 1908, 
later followed by the monumental contribution of Leo Loeb.'* These 
suggested that the likelihood of prolonged survival was remote. Even 
so, the frequency with which successful transfer of skin from one indi- 
vidual to another could be accomplished, if at all, remained poorly un- 
derstood, and the fundamental dependence of donor-recipient incom- 
patibility upon their immunogenetic relationship was completely 
unknown. 

Nevertheless, the new branch of knowledge having to do with in- 
dividual specificity was beginning in the work of Tyzzer, Little, and 
others using transplantable tumors. The discerning eye of J. B. 
Murphy even suspected the importance of the lymphocyte as an agent 
for detecting incompatibility between individuals. Emile Holman’s ex- 
perience with “iso-skin-grafting” in patients was also a work of schol- 
arship that made an effort to relate skin graft survival to the genetic 
relationship between donor and recipient and to blood group compati- 
bility.'® His publication also called attention to previous contributions 
such as those of Lexer and of George Perthes, both of whom doubted 
that skin grafts transferred between different individuals would often 
survive. 

Most would agree, however, that the experiments of Gibson and 
Medawar in man," and especially Medawar’s thorough studies of the 
rabbit,'® finally placed knowledge of the “laws of transplantation” on a 
scientific basis. From this point on, the rapidly developing fields of cel- 
lular immunology and immunogenetics began. 

There have been times when clinicians in their efforts to aid pa- 
tients have tried forms of treatment not based upon scientific reason. 
The experience with kidney transplantation before the days of immun- 
osuppression is an example. We now know, however, that pessimis- 
tic viewpoints regarding the feasibility of organ transplantation, which 
were derived from the study of grafted skin, have proved to be unduly 
harsh, since most tissues under standardized immunogenetic condi- 
tions actually survive much better than does skin.” The reasons for 
this interesting difference are yet to be fully learned, but a thorough 
understanding of them will almost certainly contribute to a wider ap- 
plication of the use of skin grafts in the future. 


SURVIVAL OF XENOGRAFTS OR ALLOGRAFTS IN BURN 
PATIENTS 


Xenograft skin primarily from pigs is now used extensively for cov- 
erage of large open burns. The advantages of this graft include its 
ready availability and relatively low cost in addition to its demonstrat- 
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ed ability to reduce the rate of bacterial growth in the underlying 
wound. As a result, pain and fluid losses are decreased and healthy 
granulations, which then readily support autografts, rapidly develop. 

The disadvantage of xenograft skin has been its limited survival. 
Many reports indicate that the grafts (fresh, irradiated, or lyophilized) 
adhere to the underlying tissue with no evidence of revascularization 
and no evidence of host sensitization after sloughing 7 to 10 days 
later.? In the strict sense, therefore, these grafts would be considered a 
temporary biologic dressing rather than a true xenograft. Other re- 
ports, however, do describe “take” of the graft with vascularization, 
epithelization of the porcine dermis, and subsequent rejection.”® Unfor- 
tunately, even with immunosuppression, porcine xenografts are still 
rejected completely after 7 to 10 days by patients who may continue to 
retain allografts,'® emphasizing the limited applicability of xenografts 
if long-term coverage is to be achieved. 

When skin allografts are exchanged between healthy volunteers, 
including closely matched siblings, mean graft survival time is usually 
only 12 to 16 days. Allografts as a means of wound coverage would 
therefore also be of limited usefulness in treating a large burn unless 
they are repeatedly replaced or unless rejection can somehow be de- 
layed for a substantial period of time. 

Allografts can be used as biologic dressings, being frequently 
stripped off and replaced before rejection occurs. However, this is less 
than optimal since these changes expose the patients to the hazards of 
repeated anesthesia, blood and fluid losses, and intercurrent infection, 
all of which would be avoided if more prolonged allograft coverage 
was achieved. 

Apart from surgical factors such as the condition of the graft bed 
or trauma to the grafts, allograft survival is most dependent upon the 
host’s immunologic response to the foreign antigens. This response is 
determined by two factors: the degree of immune competence of the 
recipient and the antigenic incompatibility between donor and recipi- 
ent. It has become evident that severe thermal injuries, especially 
when complicated by prolonged convalescence and malnutrition, may 
result in alterations in the patient’s immune competence. This is man- 
ifested as a nonspecific immunologic deficit, which partially explains 
the frequently observed, recurrent, and sometimes fatal infections in 
these patients. In addition, the altered immune response may contrib- 
ute occasionally to prolonged skin allograft survival, which has been 
demonstrated both clinically and experimentally.' In fact, Batchelor 
and Hackett reported that skin allografts from donors having few iden- 
tified histoincompatibilities with the burned recipient could sometimes 
survive for rather remarkable periods — the survival time varying be- 
tween 11 and 93 days in their patients.* This has not been the general 
experience with randomly selected allografts, however, which usually 
reject during the third posttransplant week; in the nonseptic, well 
nourished child, even grafts obtained from ABO-compatible parents 
were observed to survive no more than 20 days.”8 Thus, unless a bank 
of HLA-typed skin could be established from which a choice of highly 
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compatible grafts would be made, another approach to prolonging allo- 
graft survival for these recipients is necessary. This approach involves 
further immunosuppression of the burned patient. 


SURVIVAL OF SKIN ALLOGRAFTS IN THE 
IMMUNOSUPPRESSED PATIENT 


The strong antigenic properties of the epidermis make skin graft 
prolongation a particularly exacting test of immunosuppressive 
agents. The corticosteroids that have been so effective in renal and 
cardiac transplantation have had only limited evaluation in skin graft 
recipients but, in general, when administered in conventional dosages, 
have proved ineffective in providing significant prolongation of graft 
survival. This is not too surprising since the “steroid resistance” of 
man, as far as immunosuppression is concerned, is well established. 
Further evaluation of these agents administered to skin graft recipi- 
ents either systemically or topically in combination with other immun- 
osuppressives may delineate a useful role for the steroids but remains 
to be accomplished. 

Azathioprine, the other most commonly used immunosuppressive 
drug in whole organ transplantation, has also had limited evaluation 
in burn patients treated with skin grafts. Diethelm et al. treated an 
allografted patient with horse anti-thymocyte globulin (ATG) for four 
weeks and then started azathioprine. Two weeks later the grafts were 
rejected. Burke et al. reported the survival of three of five extensively 
burned children who were treated with parental skin allografts and 
azathioprine immunosuppression.'® Some of the allografts survived for 
as long as 52 days before they were excised and replaced with auto- 
grafts as limited donor sites became available. The use of azathio- 
prine, however, caused concern because of its lack of selectivity for 
cellular suppression, resulting in a general and prolonged bone mar- 
row suppression, and because of the unavailability of any in vitro 
assay to monitor the degree of the immune defect being produced in 
these patients. 

The use of immunosuppressive antisera directed specifically 
against the T lymphocyte should more adequately resolve some of 
these concerns and, in fact, extensive efforts have been expended over 
the past decade to produce such an anti-lymphocyte serum (ALS) or 
anti-thymocyte globulin (ATG) for use in man. Simmons et al. evaluat- 
ed the effectiveness of their preparation in prolonging skin allograft 
survival in volunteers with multiple sclerosis who were receiving im- 
munosuppressive therapy as an experimental treatment for their dis- 
ease. They noted a marked prolongation of skin allograft survival de- 
pendent on the dose of antiserum utilized. Diethelm treated two 
severely burned children with ATG and parental skin allografts and 
one child survived, the skin allografts being rejected six weeks after 
transplantation and two weeks after stopping ATG.” 

With more controlled investigational conditions, Koumans and 
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Burke reported that animals could survive an initial lethal burn if 
treated by primary excision, allografting of skin, and immunosuppres- 
sion.” Though different immunosuppressive agents ensured adequate 
graft prolongation, ALS proved highly effective and resulted in the 
least septic complications. 

Another factor that makes ATG an attractive choice as an immun- 
osuppressant for infection-prone patients is its effect on the circulating 
lymphocyte count of the recipient. It has been shown that ATG pro- 
duces a rather selective T-cell depletion that can be readily monitored 
by the sheep red blood cell rosetting technique.* Because of this selec- 
tive depletion of T lymphocytes, the recipient’s remaining level of 
these cells can be sequentially monitored in order to estimate the de- 
gree of immunosuppression being achieved and subsequent therapy 
can be adjusted appropriately.’ For severely burned patients to be 
treated with skin allografts, therefore, ATG alone is currently our im- 
munosuppressive drug of choice. 


PATIENT SELECTION AND METHOD OF TREATMENT 


Since patients with less than 65 per cent body surface area full 
thickness burns are usually successfully treated by primary excision 
and immediate autografting, only victims of more massive injuries are 
selected for allografting and immunosuppression. This, in general, in- 
cludes patients with total burn injury over 80 per cent or more of the 
body surface area, with 70 per cent or more being full thickness de- 
struction of skin. 

All patients are nursed in the protective environment provided by 
the Bacteria Controlled Nursing Unit until open areas are reduced to 
less than 5 per cent of the body surface area. This controlled environ- 
ment provides the patient with a continuous, piston-like downflow of 
bacteria-free air at 90° F and 94 per cent relative humidity, and pro- 
tects against energy loss in the form of heat or evaporation as well as 
airborne cross-infection.’ The patient is protected against contact 
cross-infection by clear plastic access walls and by a system of medi- 
cal care delivery whereby the nursing and medical personnel do not 
directly enter the protected environment of the units. The patient is 
not removed from the unit except for trips to the operating room. Auto- 
infection of the burn wound from the patient’s respiratory or gastroin- 
testinal tract is reduced by meticulous aseptic precautions and the use 
of 0.5 per cent aqueous silver nitrate dressings to the burn eschar until 
excised, to donor sites, and to newly grafted areas of the extremities. 
Careful bacteriologic monitoring is carried out routinely on all patients 
three times weekly or as required. 

A plan of prompt excision and wound closure consists of a number 
of separate surgical procedures carried out as frequently as possible, 
beginning usually on the first or second day after the burn injury, until 
all eschar is excised except that on hands and face. The first proce- 
dure consists of harvesting all available donor sites and excising a 
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comparable area (usually on the leg or chest) for immediate closure 
with meshed autografts. The subsequent procedures consist of exci- 
sion of eschar and closure with sheet allograft skin. All areas created 
by excision are closed in primary fashion, using autograft or allograft 
*%/i000th to 1%1:000th of an inch in thickness, during the same operative 
procedure as the excision. Subsequently, allograft is excised stepwise 
as donor sites regenerate and autograft becomes available. Areas of 
full thickness burn on the face are debrided stepwise and are grafted 
secondarily. Grafted areas of the trunk are left exposed without dress- 
ings. Skeletal traction is used for immobilization of freshly grafted 
areas of both upper and lower extremities; grafted areas on the ex- 
tremities, if not left open, are treated with 0.5 per cent aqueous silver 
nitrate dressings. 

Oral feedings are always supplemented by intravenous alimenta- 
tion or hyperalimentation. Because of the extent of the burned area, it 
is usually necessary to place intravenous lines through the burn es- 
char or areas of excision and graft. Intravenous access sites of prefer- 
ence are the neck and subclavicular area. Intravenous line sites are 
rotated every fifth day or changed immediately if there is evidence of 
bacteremia. 

The level of serum albumin is maintained at 4 gm per 100 ml or 
above with appropriate infusions of fresh frozen plasma, and the he- 
matocrit is maintained at 35 per cent or above with red blood cell 
transfusions. Platelet transfusions are provided as required. 

Penicillin is begun immediately after admission in patients with- 
out a history of allergy to it, and is continued for three days to avoid 
beta-hemolytic streptococcal infection in the initial burn period. Anti- 
biotics, depending on sensitivity studies of the bacteria isolated from 
the burn wound, are given intravenously immediately before any oper- 
ative procedure and are continued for six hours postoperatively or until 
normal physiology is restored postoperatively according to the concept 
of preventive antibiotic management.* No further antibiotic therapy is 
given unless bacterial invasion is documented by a positive blood cul- 
ture. An appropriate course of antibiotic therapy, established by bacte- 
rial sensitivities, is then administered for 7 to 10 days. 

The patient and available family members are tissue typed imme- 
diately after admission using peripheral blood lymphocytes.”! The most 
compatible family member is usually selected as the skin allograft 
donor. Only family members over the age of 21 years have been con- 
sidered appropriate. If a suitable related donor is not available or in- 
sufficient donor skin is harvested from a related donor, cadaver allo- 
grafts have also been extensively used. 

Immunosuppression is carried out using horse anti-thymocyte 
globulin. The degree of immunosuppression being obtained is moni- 
tored by enumerating thymus-dependent lymphocytes in the peripheral 
blood prior to therapy and three times weekly thereafter. 

Twenty-four hours prior to proposed excision and allografting, 10 
mg of ATG per kg is infused intravenously over a 4-hour period. After 
the initial infusion, the dosage and frequency of administration are 
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Figure 1. Clinical and immunological events during first two months after burns of 84 
per cent of the body surface area.~Suppression of cell-mediated immune competence (re- 
flected in the number of rosetting cells in peripheral blood) is achieved with ATG in order to 
allow temporary survival of skin allografts. Varying daily doses of ATG (0 to 20 mg per kg) 
were required to maintain the number of rosetting lymphocytes at approximately 10 per cent 
of the pretreatment value. On ceasing ATG treatment, the rosetting cells returned to normal 
range but retained allografts remained viable until excision and replacement with autografts 
over the succeeding three weeks. 


varied to maintain the absolute rosetting cell population at about 10 
per cent of the pre-immunosuppression level (see Fig. 1). Diphenhy- 
dramine (Benadryl), 2 mg per kg, is always given, and methylpredni- 
solone (Solu-Medrol), 0.5 mg per kg, is sometimes given with the ATG 
infusion to ameliorate febrile responses that may occur especially with 
the initial doses. Immunosuppression is continued until the area of un- 
excised, transplanted allograft covers less than 20 per cent of the body 
surface area. 

Because of the small and irregular area of autograft available 
from the scant donor sites after repeated harvesting and the variability 
of healing time required between successive croppings from donor site 
to donor site, it is often impractical to excise allograft and replace it 
with freshly harvested autograft at each operation. Harvested auto- 
graft is therefore sometimes frozen and stored in the viable state® until 
a sufficient amount is collected to replace a large area of excised allo- 
graft at a single operation. 

Extensive excisions are often carried out using hypotensive anes- 
thesia induced with ganglionic block and/or direct vasodilatation with 
sodium nitroprusside in order to minimize blood loss from donor site 
harvesting as well as areas of excision.’ 


RESULTS OF TEMPORARY SKIN ALLOGRAFTING AND 
IMMUNOSUPPRESSION 


Initial experience (20 patients) with this approach to the therapy 
of massive full thickness burns in children indicates that at least 50 
per cent of these patients can be salvaged and returned to normal 
schooling. The extent of total burn in these patients has been 81 to 92 
per cent of the body surface, and the extent of full thickness destruc- 
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tion 70 to 90 per cent of the body surface. This survival rate may be 
compared with the mortality of 100 per cent for patients with full 
thickness burns of over 70 per cent of the body surface area treated by 
various other regimens in the Massachusetts General Hospital and the 
Shriners Burns Institute from 1945 to 1972." 

The metabolic balance of these patients must be carefully main- 
tained through the period of immunosuppression and repeated surgical 
procedures with the goal of a daily intake of at least 3000 cal per m? 
and 3 gm per kg of protein. Malfunction of the gastrointestinal tract, 
taking the form of gastric retention with ileus or diarrhea, has been an 
ominous sign. Its onset usually heralds severe malnutrition and sepsis, 
and all patients who died developed diarrhea followed by persistent 
ileus and gastric retention that prevented oral alimentation. Surviving 
patients have had an occasional bout of ileus, lasting a day or two, 
usually following an operative procedure, but did not have gastrointes- 
tinal tract dysfunction for a period long enough to interfere extensively 
with nutrition. All of the surviving patients maintained body weight 
throughout the course of illness. All patients have required supplemen- 
tal intravenous alimentation or hyperalimentation through centrally 
placed catheters. Despite the adverse effects of immunosuppression on 
host resistance, the bacterial complications of intravenous catheters 
did not appear to be increased. 

Repeated bacteriologic monitoring has almost never produced evi- 
dence of bacterial cross-infection during the period these patients are 
housed in the controlled environment. Auto-contamination from the 
gastrointestinal tract, as monitored via stool culture, is documented in 
all patients from 10 to 16 days following admission. Auto- 
contamination is always seen first around the thighs, buttocks, and 
low abdomen, spreading from these sites to any other areas that re- 
mained open. Donor sites, although occasionally recording the same 
strains as found on the burn wound, do not present a problem of inva- 
sive sepsis. Blood cultures taken at multiple times during the acute 
illness are generally positive one or more times before complete wound 
closure. The bacteria isolated from the blood are generally identical to 
the predominant strain found on the wound surface. It is usually diffi- 
cult to distinguish whether the bacteria are secondary to seeding from 
a contaminated burn or are caused by the central venous catheter. 
Most bacteremic episodes treated vigorously with appropriate antibiot- 
ics for 7 to 10 days and removal of the central line respond without 
interrupting immunosuppressive therapy. 

‘Generally, the portion of grafted skin that becomes vascularized 
and “‘takes” is well over 95 per cent of the area promptly excised and 
grafted. There are, however, some differences in anatomic area in the 
percentage of graft take. Following excision, successful grafting of the 
chest, flank, and abdomen approaches 100 per cent. With the patient 
nursed in the prone position, graft take of the back also approaches 
100 per cent. However, in the prone position for grafting of the back, 
there is always a minor loss of 10 to 14 day old grafts over pressure 
areas on the chest. Grafting to the forearms and lower legs results in 
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nearly 100 per cent take, whereas grafting to the thighs and upper 
arms never produces a complete take and has often been only about 80 
per cent of the grafted area. Areas of skin loss are routinely seen 
around the shoulder and posterior deltoid region, the proximal portion 
of the posterior thigh, and the area adjacent to the groins. Graft take 
on granulating areas following spontaneous separation of slough on 
the hands, face, and neck approaches 80 per cent. 

Following prompt excision, no detectable difference has been ob- 
served between take of autograft or of allograft. In fact, in some situa- 
tions the take of allograft is superior because wider and longer strips 
of allograft skin can be taken, thereby reducing the number of inter- 
graft suture lines. Autograft take following excision of allograft is al- 
most always excellent, but complete primary closure with sheet auto- 
graft is sometimes difficult when donor sites following multiple 
reharvesting are of poor quality, and exact placing of the grafts to se- 
cure complete wound closure is not always possible. 

The patients generally have complete wound closure with a combi- 
nation of autograft and allograft before the third week post burn. Com- 
plete wound closure with autograft, however, is delayed considerably 
beyond this time owing to the limited donor sites available and the 
increasing length of time between harvestings as the number of uses 
of a single donor site increases. There is sometimes further delay 
caused by decreasing extent of graft take on areas where previous 
graft loss has occurred, either by trauma or local sepsis. Unlike the 
graft take following primary excision of burn eschar or healed allo- 
grafts, secondary grafting seldom approaches 100 per cent. In surviv- 
ing patients, autograft wound closure to within 5 per cent of the body 
surface has required 60 to 100 days. 

The scalp or a major portion of the scalp is almost always the most 
reliable available donor site, for it is seldom extensively burned, it re- 
generates to the point where recropping is possible in the shortest 
length of time, and it supports the largest number of recroppings. Next 
in importance as donor sites are the feet. In most patients there are 
additional small areas of unburned skin on the trunk or extremities 
that may be used as donor sites. The hands and the face, even if un- 
burned; are never used as donor sites. 

In all surviving patients, the allografts have remained viable and 
functional as effective skin throughout the period of immunosuppres- 
sion. Rarely, a patient has been observed to be inadequately immuno- 
suppressed, as judged by high rosette counts despite large doses of 
ATG and has gone on to reject the allografts rapidly with fatal results. 

Maximum allograft survival time has never been determined be- 
cause the grafts are deliberately excised and replaced with autografts 
before rejection occurs. In most patients satisfactory allograft survival 
is regularly maintained for the 40 to 60 days required to achieve auto- 
graft coverage of 80 per cent of the body surface area, after which 
treatment with ATG is discontinued. Although rejection of any re- 
tained allograft routinely follows the cessation of immunosuppression, 
this may be markedly delayed. Clinical rejection generally becomes ev- 
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ident 10 to 14 days following cessation of immunosuppression, but in 
one patient, in whom an area of allograft was inadvertently left intact, 
fever and then chronic ulceration of the area did not occur until 6 to 8 
weeks after ATG was stopped. Rejecting lesions proved indolent and 
difficult to graft, and therefore efforts were always made to excise the 
allograft before this stage. 

Skin biopsies are not routinely carried out unless indicated clini- 
cally. However, routine histologic study of the allograft skin during im- 
munosuppression has been obtained through examination of the ex- 
cised allograft when it was replaced by autograft. Histologically, 
evidence of “mild” or “early” rejection beginning three to four weeks 
following allografting is usually observed despite the normal clinical 
appearance of the grafts. Rejection changes are always patchy in dis- 
tribution and consist of abnormalities such as epithelial hyperplasia, 
epithelial intercellular edema, occasional small lymphocytes between 
epithelial cells, areas of epithelial separation from the dermis, and 
vacuole formation in the cells of the basal layer of epidermis. Reaction 
in the dermis consists of edema, patchy lymphocytic infiltration, peri- 
vascular round cell infiltration, and a few thrombosed venules (see 
Fig. 2). 

In the patients in whom cadaver donor skin was used when family 
member allografts were unavailable or insufficient, ATG was effective 
in delaying allograft rejection for as long as 50 days, with rejection 


Figure 2. Minimal histologic evidence of rejection in maternal-donor allograft removed 
31 days after transplantation to a patient treated with ATG. There is moderate mononuclear 
cell infiltrate in the dermis and an occasional thrombosed vessel. The epidermis exhibits 
occasional mononuclear cell invasion and some edema. (Reduced from X250.) 
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occurring only after ATG was omitted. The clinical course of these pa- 
tients has not differed detectably from that of patients treated with 
family member allografts; we therefore continue to use cadaver donor 
skin freely. 

Excluding T cell depletion, no changes in the blood or urine attrib- 
utable to ATG have been observed. The dose of ATG required to sup- 
press the T cells to 10 per cent of the pretreatment levels has been 
observed to vary from 5 to 40 mg per kg per day. No apparent correla- 
tion between the dose of ATG required and the severity of the burn or 
the presence of sepsis has been observed. Random serum samples 
have not revealed antibody to horse protein in any patient. 

Most patients have received hypotensive anesthesia one or more 
times during their acute burn course. Hypotensive management was 
more accurate using nitroprusside than with ganglionic blocking 
agents, and the periods of hypotension were shorter. No complications 
were seen that were directly related to hypotensive anesthesia. 

An example of the successful application of skin transplantation 
and immunosuppression is depicted in Figures 1 to 3. This 11 year old 
boy sustained extensive burns caused by flaming gasoline. Physical 
examination on admission revealed burns of 84 per cent of the body 
surface area, with greater than 70 per cent being full thickness injury. 
Spared areas included only most of the head, the groin areas, and the 
mid buttocks (Fig. 3A). Three days after admission, the initial surgical 
procedure was performed. Subsequent procedures were as noted in 
Figure 1. Histologic examination of maternal allografts removed one 
months after transplantation revealed mononuclear infiltration of the 
dermis consistent with mild rejection (Fig. 2). At the time of dis- 
charge, 101 days after the injury, the patient had an excellent func- 
tional and cosmetic result (Fig. 3B), which continues three years later 
(Fig. 3C). 

The surviving patients have all returned to regular and productive 
schooling, and, although reconstructive procedures continue to be nec- 
essary, they are leading active lives. Despite the extent of full thick- 
ness injury, the functional and emotional result following acute and 
reconstructive burn care has been very satisfactory. Cosmetically, as 
judged by facial appearance, the results are also satisfactory. Only one 
patient had a prolonged poor cosmetic result stemming from scarring 
on the left side of the face, which required repeated reconstruction for 
improvement. No surviving patient to date has been disabled by func- 
tional or psychological abnormalities. 


FUTURE OF TEMPORARY SKIN TRANSPLANTATION 


The concept of transplantation used in the treatment of these pa- 
tients differs from that of kidney or other organ transplantation in that 
permanent survival of the allograft is not expected. We have used the 
term “temporary transplantation” to differentiate this concept from 
other types of organ transplantation as well as from the short-term use 
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Figure 3. A, Extensive burns in an 11 year old patient. Flaming gasoline injury covered 
the entire body surface except for the head, groin, and mid-buttocks. Full-thickness loss was 
estimated to be greater than 70 per cent and total burn injury 84 per cent of the body surface. 
Treatment including temporary skin allografting and immunosuppression was instituted. 
B, Appearance of same patient one month after hospital discharge and four months after 
burn injury. All allografts have been replaced with autograft and satisfactory cosmetic and 
functional result has been obtained, though further reconstructive surgical procedures are 
anticipated. C, Appearance of same patient three years after burn injury. Reconstructive pro- 
cedures have been completed and the patient is involved in usual adolescent activities with 
essentially no permanent functional or emotional impairment. 
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of skin allografts or xenografts as biologic dressings for the protection 
and preparation of the wound for autografting. With temporary trans- 
plantation, stepwise replacement of allograft is carried out as quickly 
as autograft becomes available through reharvesting of previously 
used donor sites and from areas of healing second degree burns. 

The use of immunosuppressive therapy to prolong the survival of 
the skin allografts necessarily raises the question — Will the increased 
risk of infection due to immunosuppression outweigh the advantages of 
achieving rapid wound closure? Immunosuppressive agents obviously 
have the potential to increase the host’s susceptibility to infection — a 
problem already of major proportions in burn care. The weight of evi- 
dence that has accumulated concerning the nature of the burn illness 
and the various methods of therapy designed to overcome this illness 
have demonstrated that bacterial infection routinely associated with 
death following burns is the result not of fortuitous invasion but of 
serious defects in the host’s resistance caused by the large open wound 
and extensive malnutrition. The treatment of these patients therefore 
should be designed to correct or prevent the defect in their ability to 
resist bacterial invasion. In this sense, antibiotics, delivered either as 
topical medications or systemically, serve only as an adjunct. They do 
not solve the fundamental problem caused by a large open wound cou- 
pled with protein and calorie starvation. 

A more rational approach to the problem of extensive skin loss ap- 
pears to be the rapid excision of devitalized skin and immediate clo- 
sure of the wound following excision. This concept, together with 
strict protection of the patient against bacterial cross-infection and in- 
tensive nutritional support, has been employed successfully as routine 
burn care for both children and adults who have sustained smaller 
burns.? Although the concept of prompt excision and immediate 
wound closure is also theoretically sound for the treatment of more 
extensive burns, for practical purposes early wound closure with auto- 
graft is impossible. Although allograft may be used to supplement the 
available autograft, thus achieving early wound closure, generally the 
duration of allograft wound closure is short. Rejection of allograft 
occurs, in our experience, within 12 to 20 days, which is too soon to 
allow repeated cropping of the patient’s donor sites to obtain sufficient 
autograft to produce wound closure before allograft loss. 

The approach of prompt excision and immediate wound closure 
has been successful because it includes a delay in allograft rejection 
by immunosuppression, which permits sufficient time for repeated re- 
cropping of donor sites to allow stepwise allograft excision and closure 
with autograft. Prior to the addition of immunosuppression to the rou- 
tine treatment plan, which includes prompt excison of dead tissue and 
immediate wound closure with autografts and allografts, the con- 
trolled environment of the Bacteria Controlled Nursing Unit, intensive 
metabolic alimentation, and topical silver nitrate, patients with full 
thickness burns of greater than 70 per cent of the body surface area 
suffered 100 per cent mortality. 

A large part of the effective control of bacterial infection demon- 
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_ strated by these patients in the face of immunosuppression must be 

laid to the beneficial effect of prompt and almost complete wound clo- 
sure and the maintenance of normal nutrition during periods of maxi- 
mal stress. The contribution of the protective environment provided by 
the Bacteria Controlled Nursing Unit is difficult to assess. Cross- 
infection was rarely seen in this group of highly susceptible patients, 
however, and late development of a bacterial pneumonia was only 
rarely seen as a terminal episode in patients who failed to survive. 
Thus, although a dogmatic statement concerning the exact extent of 
contribution of a protective environment to the immunosuppressed 
burn patient cannot be made, the evidence available indicates that the 
contribution is a positive one. 

It is also important to recognize that the majority of operative pro- 
cedures, and all procedures concerning excision of burn eschar and 
initial wound closure in these patients, were carried out within the 
first two weeks following injury. During this early period, the patient’s 
overall physiology, with the exception of initial fluid shifts, is normal. 
The initial burn period is well before the period of organ failure so 
characteristic of the course of massively burned patients. During this 
early period when the patient is able to respond to the stress of opera- 
tion in a relatively normal fashion, operation is well tolerated. The dif- 
ficulties expected from extensive surgical procedures carried out later 
in the burn course are not encountered. A reliable, nearly 100 per cent 
take of split thickness skin grafts following burn eschar excision is 
considered indispensable to the success of this method of treatment. 
Here again, prompt burn eschar excision plays a vital role. Excision 
carried out before any portion of the burn wound becomes heavily con- 
taminated with bacteria regularly produces effective graft take. Accu- 
rate primary closure of the entire wound is considered necessary so 
that open areas between grafts will not be present. Bacterial contami- 
nation and possible infection in these open areas present an especially 
prominent risk to the immunosuppressed patient, not only in increased 
graft loss along the open edge, but in serious invasive bacterial infec- 
tion. 

Thus early clinical experience with temporary skin transplantation 
emphasizes that the most important factor in the successful treatment 
of extensive skin destruction secondary to thermal injury is, as it is in 
most areas of trauma, the prompt removal of dead tissue and immedi- 
ate wound closure. The use of immunosuppression and allografting to 
achieve this goal does not result in an unacceptable risk of infection. 

Another question regarding therapy of such massive burns (espe- 
cially when the hands and face are extensively injured) is the moral 
one — Are such efforts justified if a severely handicapped and disfi- 
gured victim is the inevitable final product of these efforts? We have 
been acutely aware of the primary importance of long-term rehabilita- 
tion, both cosmetic and functional, and have carefully followed the 
survivors of massive burns for up to four years. The gratifying obser- 
vation has been that all survivors have returned to schooling and in- 
volvement in normal activities with their peers. Obviously, in some 
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cases, extensive reconstructive surgical procedures have been required 
to obtain this result once the patient was fully autografted and had 
recovered from the acute injury. 

Interestingly, many observers have commented that the degree of 
contracture and keloid formation in these patients seems unexpectedly 
limited. The suggestion has even been made that an unanticipated 
benefit of prompt and complete wound closure might be diminution of 
contracture possibly by a change in the way collagen is laid down as 
compared with healing by open granulation and secondary grafting. 
This area remains to be further evaluated as does the longer term so- 
cial rehabilitation of these patients. Nevertheless, on the basis of our 
experience to date, we would conclude that temporary skin transplan- 
tation, although a complicated and costly therapeutic technique, has 
provided a means to achieve a greater than 50 per cent survival of a 
group of patients with an injury that has always been associated with 
a mortality rate of 100 per cent. 
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